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Vitamin  Bl  and  i  . 


FOREWORD 


In  no  other  area  of  medical  knowledge  has  there  been  re¬ 
corded  such  a  far-reaching  advance  as  has  been  made  during  the 
past  two  decades  in  the  field  of  nutrition.  Pointing  the  way  to 
the  development  of  a  healthier,  more  vigorous  race,  this  advance 
marks  an  epoch  in  man’s  progress. 

Among  the  discoveries  inyql'ved  those  related  to  Vitamin  Bx, 
of  which  Dr.  Williams  and  Dr.  Spies  write,  are  perhaps  of  great¬ 
est  interest,  for  it  now  appears  that  the  chief  function  of  this 
vitamin  is  to  regulate  the  most  fundamental  of  all  life  processes, 
cell  respiration.  This  is  of  immediate  interest  to  the  clinician 
because  of  the  recent  demonstration  that  many  forms  of  neuritis 
and  allied  disorders  are  directly  related  to  impairment  of  this 
function.  These  discoveries  hold,  too,  an  additional  interest  for 
the  thoughtful  physician  because  of  the  orderly  manner  in  which 
they  have  been  developed.  This  knowledge  has  come,  not  as  the 
result  of  a  single  brilliant  discovery  but  through  a  long  series  of 
carefully  recorded  clinical  observations  followed  by  painstaking 
laboratory  research. 


First,  centuries  ago,  the  Chinese  wrote  of  beriberi.  In  mod¬ 
ern  times  when  this  disease  had  incapacitated  a  large  part  of  the 
Japanese  navy,  the  clinical  observations  of  Takaki  led  to  an 
early  intimation  of  its  nutritional  origin,  and  a  little  later  animal 
experiment  in  the  Dutch  East  Indies  made  its  first  contribution 
by  demonstrating  a  similar  effect  upon  fowls  of  the  prevailing 
type  of  unbalanced  diet.  Great  progress  was  next  made  through 
observations  covering  a  period  of  years  reported  from 
the  Malay  states  and  the  Philippines  by  groups  of  English  and 
American  physicians.  Following  this  came  the  studies  of  Amer¬ 
ican  laboratory  workers  who  soon  were  able  to  demonstrate  the 

Cnemi^al  nature  of  .the  missing,  or  “antineuritic,”  factor 
Then  followed  a  series  of  carefully  planned  biochemical  re- 
searches  culminating  in  the  notable  success  of  one  of  the  authors 
o  this  book  first  in  determining  the  structure,  then  in  svnthe 
sizing  this  vitamin.  The  further  identification  of  this  substance 

Wh-h  1S  missmg  in  beriberi  has  completed 
the  story.  It  is  an  inspiring  storv _ a  i  Pieiea 

in  which  with  due  observance  o/traffic  ?uls  the  uTtla[eTSS 
tination  has  been  reached,  not  by  short-cuts  hut  ,  t1imate 
nous  travel  over  a  well-worn  highway  '  ^  °ng’  lab°- 


James  S.  McLester 


PREFACE 


The  chemical  structure  of  the  antineuritic  vitamin  is  now 
known,  and  its  artificial  synthesis  has  recently  been  achieved. 
A  milestone  in  its  history  having  thus  been  passed,  it  seemed 
appropriate  to  review  and  summarize  in  convenient  form  the 
knowledge  of  this  important  substance.  In  doing  so,  the  authors 
have  thought  it  wise  to  divide  the  material  into  two  parts.  In 
Part  I  we  have  recorded  in  concise,  accessible  form  the  available 
information  which  we  consider  should  be  of  immediate  value  in 
the  practice  of  medicine.  As  our  knowledge  of  the  clinical  aspects 
of  the  subject  is  new  and  includes  much  that  has  not  yet  been 
fully  confirmed,  a  more  elaborate  treatment  promised  to  be  less 
useful  than  a  brief  one. 

In  Part  II,  which  deals  with  history  and  with  experimental 
evidence  derived  from  laboratory  work,  a  different  course  seemed 
advisable  in  order  best  to  meet  the  needs  of  the  majority  of 
readers.  In  this  field  a  vast,  often  confusing  and  sometimes 
conflicting,  literature  has  accumulated  which  the  busy  person 
can  scarcely  hope  to  scan  comprehensively.  We  have  therefore 
undertaken  a  critical  survey  of  it,  selecting  what  seems  best  es¬ 
tablished,  endeavoring  to  reconcile  viewpoints  which  appear  to  be 
in  conflict  and  attempting  the  development  of  a  consistent 
philosophy  of  the  whole  subject.  While  many  points  of  un¬ 
certainty  remain,  we  have  been  somewhat  surprised  and  greatly 
gratified  at  our  success  in  resolving,  at  least  to  our  own  satisfac¬ 
tion,  many  of  the  moot  questions  which  at  the  outset  appeared 
somewhat  appalling.  We  hope  that  the  treatment  of  these  dis¬ 
puted  topics  will  appear  reasonable  to  our  readers  and  that  the 
second  part  will  prove  serviceable,  not  only  for  the  physician 
who  wishes  to  scrutinize  the  original  evidence,  but  also  for  the 
biochemist,  biologist,  and  student  of  nutrition. 

l  o  6  guatvfully  knowledge  our  indebtedness  to  many  col- 
eagues  who  have  not  only  offered  constructive  criticism  of  several 
of  ^  chapters  but  have  in  many  instances  provided  us  with  un¬ 
published  data  or  with  advance  copies  of  manuscripts  Special 

S  MrreRobeertE  W  t  Sabeth  Miss  Margaret  Hig- 

g  ns,  Mr  Robert  E.  Waterman  and  Mrs.  K.  M.  Jones  for  assist- 

a  ice  m  the  composition,  proofreading  and  indexing. 


Robert  R.  Williams 
Tom  D.  Spies 
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PART  I 


VITAMIN 


j  (THIAMIN)  IN  THE  PRACTICE 
OF  MEDICINE 


CHAPTER  I 


GENERAL  CLINICAL  CONSIDERATIONS 

Toward  the  end  of  the  nineteenth  century,  the  concept  arose 
that  certain  “accessory”  food  substances  are  essential  for  sup¬ 
porting  life  and  maintaining  health.  These  substances  we  now 
call  vitamins.  Their  history  is  summarized  in  Chapters  IX  and 
X.  As  our  knowledge  of  the  function  of  the  vitamins  grew,  it  was 
realized  that  beriberi,  sprue,  rickets,  pellagra,  scurvy,  and  celiac 
disease  develop  when  certain  vitamins  are  not  present  in  suf¬ 
ficient  quantities  in  the  diet.  The  necessity  of  proper  balance 
among  the  vitamins  was  also  recognized,  but  just  what  is  the 
proper  balance  has  not  as  yet  been  determined. 

Today  the  importance  of  certain  of  the  vitamins  is  not  uni¬ 
versally  accepted  by  those  concerned  with  problems  of  optimum 
health  because  of  the  relatively  infrequent  occurrence  of  the 
classical  nutritional  deficiency  diseases.  When  the  unmistakable 
forms  of  a  disease  are  rare  and  the  borderline  examples  uncom¬ 
mon,  it  is  difficult  for  many  to  believe  that  the  subclinical  forms 
are  so  numerous  and  so  important  in  the  health  of  the  general 
population.  The  diet  of  the  American  people  is  one  of  the  best 
in  the  world,  yet  many  Americans  lack  an  optimum  diet  for 
growth  and  full  vigor.  Poverty,  erroneous  dietary  habits,  idiosyn¬ 
crasies,  and  the  presence  of  diseases  are  factors  which  result  in 
a  faulty  diet  for  a  considerable  portion  of  the  population.  This 
accusation  of  fault  in  the  American  diet  is  made  most  often  in 
connection  with  vitamins  and  minerals  (1).  The  “refined”  foods, 
commonly  used,  are  poorer  in  vitamins  than  are  natural  foods! 
and  the  average  person  consuming  large  amounts  of  white  flour, 
corn  meal,  polished  rice,  refined  cereals,  and  sugar  is  more  likely 
to  develop  a  deficiency  than  is  one  who  eats  only  unrefined  foods 

.A  number  of  years  ago  McCollum  (2)  and  McCarrison  (3) 
pointed  out  that  food  deficiency  in  man  is  seldom  limited  to  one 
particular  factor.  In  the  past  few  years  it  has  been  demonstrated 
that  even  vitamin  B  is  composed  of  more  than  one  “accessory” 
ood  substance  In  1936  R.  A.  Peters  (4),  in  his  communication 
to  the  Section  of  Nutrition  at  the  Annual  Meeting  of  the  British 
ledical  Association  at  Oxford,  stated:  “Research  in  manv  lab¬ 
oratories  has  shown  that  at  least  six  entities  compose  the  vitamin 
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B  complex,  which  can  be  described  as  follows:  vitamin  Bx 
(aneurin  or  torulin  [thiamin;  for  a  discussion  of  names  see 
Chapter  X,  page  134]);  vitamin  B2 — lactoflavin  and  vitamin  B0 
(rat  antidermatitis) ;  vitamin  B3  and  B5  (including  the  chicken 
antipellagra  factor);  vitamin  B4;  human  antipellagra  (P.P. 
factor);  dog  black-tongue  factor:  Bios  and  growth  factors  for 
microorganisms.”  At  the  present  time  American  investigators 
separate  the  vitamin  B  complex  into  vitamin  Bx  and  the  vitamin 
B2  complex.  In  the  vitamin  B2  complex  they  distinguish  ribo¬ 
flavin,  vitamin  B6,  and  the  “filtrate  factor”  of  Jukes  and  Lep- 
kovsky.  It  is  likely  that  still  other  well-defined  factors  will  be 
found  in  the  near  future  (see  Chapter  X  and  particularly 
the  Frontispiece). 

The  authors  and  many  other  investigators  accept  the  point 
of  view  that  in  practically  all  states  of  malnutrition  in  human 
beings,  the  diet,  because  it  is  deficient  in  several  factors,  may 
eventually  produce  a  complex  clinical  picture.  It  follows,  then, 
that  the  physician  will  frequently  recognize  two  or  more  distinct 
deficiency  diseases  in  the  same  person  (5,  6,  7,  8).  These  multiple 
deficiencies  may  arise  not  only  from  a  defective  dietary  but  also 
from  abnormal  utilization  of  the  essential  constituents  of  the 
diet.  In  human  beings  three  factors  operate  to  produce  a  dietary 
deficiency  disease:  1.  There  may  be  an  inadequate  intake  of  es¬ 
sential  food  elements.  2.  Absorption  may  be  inadequate  because 
of  altered  gastro-intestinal  function  (9,  10,  11).  This  alteration 
of  function  includes  failure  of  the  digestive  processes,  whether 
due  to  lack  of  proper  enzymes  (see  Chapter  XXVII)  or  to  the 
excessive  and  rapid  loss  of  food  by  vomiting  and  diarrhea.  3.  The 
supply  may  be  adequate  and  the  absorption  efficient,  but  a  de¬ 
ficiency  may  arise  because  of  an  increased  demand  or  as  a  result 
of  some  interference  with  storage  or  some  failure  of  utilization 
by  the  cells.  Pregnancy,  lactation,  growth,  fever,  exercise,  in¬ 
somnia,  and  hyperthyroidism  increase  the  demand  for  at  least 

some  of  the  vitamins.  .  .  ,  c 

It  is  becoming  more  apparent  that  prolonged  inadequacy  ot 
vitamins,  either  from  dietary  lack,  failure  of  utilization,  or  in¬ 
creased  demand,  produces  a  variety  of  borderline  states  ot  ill 
health  These  states  are  rarely  well-defined  and  rarely  appear 
uncomplicated.  In  human  beings  the  contributory  factors  are 
usually  complex  and  the  environment  cannot  be  controlled  as  in 
animal  investigation.  These  factors  explain,  in  part,  the  com¬ 
plexity  of  the  resulting  clinical  picture  seen  in  human  beings 
with  deficiency  diseases.  A  person  with  a  deficiency  disease  may 
suffer  from  any  or  all  combinations  of  and  from  complete  o 
partial  deprivation  of  vitamins  A,  B„  B2  complex,  C,  and  D, 
along  with  a  lack  of  essential  proteins  and  morgamc  chemica 
substances.  Clinicians  are  beginning  to  realize  that  the  effects 
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of  a  persistent,  slightly  faulty  diet  may  not  be  detectable  for 
years.  Careful  questioning  of  patients  with  pellagra,  beriberi 
rickets,  and  scurvy  shows  that  the  early  symptoms  are  general 
and  extremely  vague.  The  early  symptoms  of  dietary  deficiency 
diseases  in  human  beings  have  been  studied  but  little  and  demand 
the  attention  of  clinicians.  Some  of  the  more  important  symp¬ 
toms  arising  in  the  adult  from  various  dietary  deficiency  diseases 
are  presented  in  the  following  table,  which  is  a  slight  modification 
of  the  one  given  by  Haden  (12) : 

Systems  Involved  and  Lesions  Observed  in  Deficiency 

Disease  in  Adults 


System 

I.  Skin  and  other  epithe¬ 
lial  tissues. 


II.  Nervous  system 


III.  Alimentary  tract 


IV.  Hematopoietic  system 

V.  Cardiovascular  system 


Lesions  Observed  as  Manifestation  of 
Deficiency 

(1)  Atrophy,  (2)  scaling,  (3)  derma¬ 
titis,  (4)  pigmentation,  (5)  ul¬ 
ceration,  (6)  cornification. 

A.  Neuritis:  (1)  pain,  (2)  paresthe¬ 

sia,  (3)  weakness,  (4)  paraly¬ 
sis. 

B.  Degeneration  of  spinal  cord:  (1) 

lateral  column,  (2)  posterior 
column. 

C.  Cerebral:  (1)  mental  disturb¬ 

ances. 

D.  Disturbance  of  function:  (1)  tet¬ 

any. 

(1)  Anorexia,  (2)  stomatitis,  (3)  glos¬ 
sitis,  (4)  atrophy  of  tongue,  (5) 
achlorhydria,  (6)  loss  of  spe¬ 
cific  ferments,  (7)  diarrhea, 
(8)  loss  of  tone  of  gastro¬ 
intestinal  tract,  (9)  ulceration 
of  intestine. 

(1)  Macrocytic  anemia,  (2)  hypo¬ 
chromic  anemia,  (3)  microcy¬ 
tic  anemia. 

(1)  Hemorrhage,  (2)  easy  bruising, 
(3)  edema,  (4)  nutritional  heart 
disease. 


knowledge  that  nursing  mXrs  may  be  free  7'  U  ‘S  C°mmon 
symptoms  of  beriberi,  and  yet  their  infants  de^Safberi! 
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beri.  A  detailed  description  of  symptoms  will  be  found  under 
the  section  on  infantile  beriberi  (see  Chapter  II). 

The  authors  and  other  investigators  have  frequently  ob¬ 
served  infants,  children  and  adults  who  show  some  clinical  evi¬ 
dence  of  vitamin  Bj  [thiamin]  deficiency  associated  with  one  or 
several  of  the  following  objective  changes  resulting  from  de¬ 
ficiencies  of  other  essential  nutritional  factors: 

1.  Buccal,  lingual,  and  mucous  membrane  abnormalities,  as 
found  in  sprue,  pellagra,  pernicious  anemia,  or  other  related 
diseases.  The  earliest  and  most  common  manifestation  is  a  red¬ 
dened  appearance  of  the  papillae  over  the  anterior  third  and  tip 
of  the  tongue.  This  process  may  extend  to  involve  the  adjacent 
portion  of  the  tongue  and  may  be  followed  by  diffuse  glossitis 
associated  with  fiery  redness  and  sometimes  with  pain.  Aphthous 
ulcers  may  appear  over  the  tongue  and  buccal  mucosa,  and  the 
fiery  redness  may  likewise  extend  to  the  mucous  membranes  of 
the  mouth.  This  is  the  appearance  of  the  stomatitis  in  cases  of 
classical  pellagra  (16).  Where  the  papillae  are  atrophic  and 
there  is  little  or  no  fiery  redness  of  the  tongue,  the  picture  is 
more  like  that  seen  in  sprue  or  pernicious  anemia  (17,  18,  19). 
Most  investigators  in  the  field  of  deficiency  diseases  consider  all 
of  the  above  changes  to  be  nutritional  in  origin. 

2.  Abnormal  conditions  of  the  skin  (20,  21).  Such  condi¬ 
tions  are  usually  preceded  or  accompanied  by  other  clinical 
manifestations  of  a  deficiency  disease.  The  most  common  dermal 
change  associated  with  malnutrition  is  an  abnormally  dry  and 
scaly  texture,  especially  of  the  skin  over  the  extremities.  This 
dryness  may  be  associated  with  hyperkeratosis.  Following  the 
administration  of  an  adequate  diet  and  improvement  in  the 
patient,  the  skin  will  again  appear  normal.  Other  dermal  changes 
which  may  be  present,  though  less  frequently,  are  pigmentation 
and  ulceration  of  the  skin,  and  mild  or  extensive  dermatitis  char¬ 
acteristic  of  pellagra.  By  the  time  such  lesions  are  diagnosed  as 
pellagrous,  other  manifestations  of  the  disease  usually  have 

already  appeared.  .  „  . 

3.  Microcytic  or  macrocytic  anemia.  About  50  per  cent  ot 

the  patients  seen  in  the  Cincinnati  General  Hospital,  which  ad¬ 
mits  severe,  acute,  and  chronic  diseases,  have  hemoglobin  values 
below  70  per  cent  (Sahli).  The  anemia  in  the  great  majority  of 
these  patients  can  be  cured  by  the  administration  of  liver  or 
stomach  preparations,  yeast,  or  iron,  or  by  the  administration  ot 

several  of  these  substances.  . , 

4.  Edema  associated  with  malnutrition  and  without  evidence 

of  cardiac  or  renal  insufficiency  or  hypoproteinemia  (22). 

5  Reduction  of  inorganic  minerals  in  the  blood. 

6.  Night  blindness  due  to  vitamin  A  deficiency.  The  associa¬ 
tion,  however,  between  clinical  night  blindness  and  vitamin  A 
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deficiency  as  revealed  by  the  biophotometric  test  has  not  as  yet 

been  fully  demonstrated  (23,  24,  25).  .  .  „  , 

Since  the  diet  of  many  people  is  low  in  vitamin  Bi,  and 
since  man  does  not  store  this  vitamin  to  any  significant  degree, 
manifestations  of  its  lack  may  occur  alone.  That  is  to  say,  not  all 
vitamin  Bx  deficiency  states  are  part  of  a  multiple  deficiency 
syndrome  (26).  Human  beings  show  ill  health  on  a  vitamin  Hi 
deficient  diet  long  before  recognizable  symptoms  of  beriberi 
appear  (27,  28).  It  can  readily  be  seen  that  it  is  impossible  to 
recognize  the  beginning  of  vitamin  Bi  deficiency,  as  there  is 
neither  a  simple  objective  test  for  the  lack  of  this  substance  nor 
are  there  pathological  effects  which  are  specific  or  easily  identi¬ 
fied.  Nevertheless,  careful  study  has  convinced  most  students 
of  the  disease  that  subclinical  forms  of  vitamin  Bt  deficiency 
occur  frequently. 

A  lack  of  vitamin  Bx  is  particularly  common  in  association 
with  the  following:  1.  Poverty.  Lack  of  knowledge  as  well  as  the 
lack  of  money  is  of  fundamental  importance  in  the  association 
of  poverty  with  vitamin  Bx  deficiency.  If  sufficient  amounts  of  a 
well-balanced  diet  are  eaten,  vitamin  B!  deficiency  usually  does 
not  develop.  Education  of  the  poor  in  correct  dietary  habits  so 
that  they  will  buy  inexpensive,  protective  foods  or  obtain  pro¬ 
tective  substances  such  as  yeast,  wheat  germ,  and  tikitiki  (rice 
polish)  extract  through  relief  agencies  will  greatly  decrease  the 
incidence  of  vitamin  Bt  deficiency  among  the  indigent.  2.  Im¬ 
proper  dietary  habits.  It  is  a  popular  fallacy  to  believe  that  our 
diets  are  adequate  merely  because  we  are  accustomed  to  them. 
Many  people  undoubtedly  live  on  a  diet  of  narrow  range,  usually 
high  in  fats  and  carbohydrates  and  low  in  protein,  minerals,  and 
vitamins.  Because  of  custom  or  preconceived  ideas  as  to  what 
foods  are  good  for  them,  or  because  of  dependence  upon  appetite 
as  a  guide  in  the  proper  selection  of  foods,  many  people  are  likely 
to  choose  a  poorly  balanced  diet.  3.  Organic  disease.  Organic 
disease  often  predisposes  to  the  development  of  a  deficiency  of 
vitamin  Bx  (29,  30).  Certain  diseases  are  associated  with  loss  of 
appetite,  and  accordingly  the  person  may  ingest  less.  In  other 
diseases  the  absorption  may  be  reduced  or  the  general  require¬ 
ment  increased.  These  factors  may  exist  simultaneously.  Gen- 
e  ally  speaking,  in  most  diseases  accompanied  by  disturbances 

scr  b\X  r  nhestmal  tract’  Te  kind  of  res“  diet  is  pre- 
scribed  by  the  physician  or  is  voluntarily  observed  bv  the  natient 

L:tfbaIan,Ce?  ^  is  not  «eneral'y  considered  inytl  e  pat  ent’s 
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disease  often  operate  together  and  either  or  both  may  produce 
the  symptoms  in  question. 

The  prodomal  symptoms  of  vitamin  Bx  deficiency  are  loss 
of  appetite,  weight,  and  strength;  muscle  cramps;  diarrhea, 
abdominal  pain;  palpitation;  dyspnea;  edema;  burning  sensa¬ 
tions  in  various  parts  of  the  body;  vertigo;  headache;  cessation 
of  menstruation;  numbness  and  tingling;  nervousness;  depres¬ 
sion;  irritability;  distractibility ;  apprehension  and  forgetfulness. 

If  deprivation  of  vitamin  Bx  is  sufficiently  prolonged,  the 
majority  of  these  symptoms  group  themselves  as  arising  from 
the  alimentary  tract,  the  cardiovascular  system,  and  the  nervous 
system. 

1.  The  alimentary  tract.  Undoubtedly  vitamin  Bt  is  essen¬ 
tial  for  the  normal  functioning  of  the  gastro-intestinal  tract.  In 
some  cases  its  lack  produces  anorexia;  in  others,  the  motility  is 
abnormal.  There  are  no  specific  lesions,  however,  that  are  clearly 
understood  at  the  present  time.  The  gastro-intestinal  tract  may 
be  altered  in  such  a  way  that  vitamin  Bx  is  not  absorbed. 

2.  The  cardiovascular  system.  The  cardiovascular  system  is 
strikingly  affected  in  some  persons  with  a  vitamin  Bx  deficiency. 
The  early  symptoms  of  palpitation  and  dyspnea  are  the  same  as 
those  experienced  from  any  other  type  of  heart  disease.  In  cer¬ 
tain  patients  there  may  be  acute  cardiac  failure  (see  beriberi 
heart),  and  in  still  others,  heart  failure  may  or  may  not  be  as¬ 
sociated  with  edema  and  serous  effusions.  The  tendency  toward 
edema  and  serous  effusions  cannot  be  fully  explained  at  the 
present  time,  but  the  underlying  causes  of  edema  in  general  are 
well  summarized  in  the  following  table  by  Landis  (31). 


Factors  Favoring  Edema  Forma¬ 
tion 

A.  Primary: 

1.  Elevated  capillary  pressure 


2.  Lowered  colloid  osmotic 
pressure 

3.  Damage  to  capillary  wall 


4.  Lymphatic  obstruction 


Clinical  Examples 


1.  (a)  Venous  obstruction 

(b)  Thrombophlebitis 

(c)  Cardiac  edema  with  ve¬ 

nous  congestion 

2.  (a)  Nutritional  edema 

(b)  Nephrotic  edema 

(c)  Cardiac  edema,  late  stages 

with  malnutrition 

3.  (a)  Inflammatory  edema 

(b)  Nephritic  edema 

(c)  Cardiac  edema (?),  chronic 

anoxemia 

4.  (a)  Lymphedema 

(b)  Cardiac  edema  with  ve¬ 
nous  congestion 
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B.  Contributory: 

5.  Low  tissue  pressure 

6.  High  salt  intake 

7.  High  fluid  intake 

8.  Warm  environment 

9.  Disturbed  innervation 


5.  Edema  of  periorbital  tissues 
and  genitalia 

6.  Increases  edema  if  water  is 
available 

7.  Increases  edema  if  salt  is  avail¬ 
able 

8.  (a)  Heat  edema 
(b)  Increases  all  types  of 

edema 

9.  (a)  Tropho-edema 

(b)  Unilateral  edema  in  hem¬ 
iplegia 

3.  The  nervous  system.  While  there  is  no  definite  evidence 
that  symptoms  arising  from  the  brain  and  spinal  cord  result 
from  vitamin  Bx  deficiency  in  human  beings,  it  is  generally 
agreed  that  the  peripheral  neuritis  of  beriberi  is  caused  by  a 
lack  of  this  vitamin. 

Peripheral  nerves.  Although  arbitrary  in  many  respects  and 
obviously  imperfect  in  others,  the  best  clinical  classification  of 
periphera1  neuntis  from  the  standpoint  of  etiology,  is  that  of 
Cobb  and  Coggeshall  (32)  (see  Table  I). 

As  seen  m  the  above  table,  these  authors  divide  peripheral 
neuritis  into  local  and  general  and  in  that  way  separate  the 

eroun  oTlv^f  °rdf S  ^Ua?mg  ?nly  0ne  nerve  from  the  *arge 
group  of  systematic  disorders  which  cause  bilateral  polyneuritis 

neuritis.  This  type  of  neuritis  usually 
ambulatory  patients,  and  the  physician  can  often  demonstrate 

cairethaondsCaT0hrpmfeCtrS  et?'0gicaI  agent  by  the  S  dto! 
medkalandsuScaUherlDv3 £,7°^  ?  P™Per 

neuritis  following  the  various  types  of  localized 

has  been  renorted  hv  af™lmstratl,on  of  crystalline  vitamin  B, 
39,  40,  41,  42  43  44  S  40%^  Th  (33’  35’  36>  37’  38’ 

types  of  localized  neuritis  are  nmhl’hl^6  reP?rts  ?n  the  various 
who  obtain  negative  results  l  y  one-sided,  since  physicians 
number  of  patients  in  T. \prone  to  reP°rt  them.  The 

in  general  the  studies  are  not^  Hp  G  ,Se1ries  *s  °^en  small,  and 
results  need  confirmation  Nr.  qu?te!y  controlled ;  hence,  the 
appeared  in  the  fiterftnrp  COnclus:ve  reports  have  as  yet 
the  prevention  of  localized  nciiHt'™1  at  the,use  of  vitamin  in 
are  available,  it  is  expected  th at  tl?1at,vit?min  Bi  crystals 

be  made  on  these  points.  hat  controlled  observations  will 

um^nreoftl^lTomSed^v  “rMs.  bsted  in  Col- 

complication.  No  crucial  obserZt^tlf  a  late 
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GENERAL  CLINICAL  CONSIDERATIONS  H 

termine  whether  faulty  nutrition  plays  a  role  in  the  development 
of  the  neuritis  accompanying  these  diseases.  The  expenmenta 
evidence  available  tends  to  show  that  vitamin  Bx  does  not  play 
any  direct  specific  role  in  counteracting  these  infectious  agents. 

In  the  column  under  bacteriotoxic  is  a  long  list  of  infectious 
diseases  which  may  be  complicated  by  peripheral  neuritis.  The 
diseases  in  this  group  often  interfere  with  proper  nutrition  and 
thus  predispose  the  patient  to  the  development  of  vitamin  Bi 
deficiency.  Many  of  these  patients  with  infection  also  have  an 
increased  requirement  for  essential  nutritive  substances,  and  in 
some  instances  the  ingested  food  is  not  sufficient  to  meet  this 
greater  demand.  In  typhoid  fever,  for  example,  the  requirement 
for  vitamin  Bi  is  raised  because  of  the  high  temperature,  and  the 
supply  may  be  diminished  because  of  loss  of  appetite  or  excessive 
diarrhea.  The  incidence  of  peripheral  neuritis  in  patients  with 
typhoid  fever  was  high  a  few  decades  ago,  when  an  effort  was 
made  to  restrict  the  diets  of  such  patients.  The  great  decrease  in 
the  incidence  of  peripheral  neuritis  in  typhoid  fever  in  recent 
years  is  probably  due  to  the  substitution  of  adequate  diets  in 
the  treatment  of  that  disease.  We  have  no  information  concern¬ 
ing  the  role  of  vitamin  Bi  deficiency  in  the  development  of  any 
of  these  neuritides,  but  a  number  of  investigators  (33,  43,  46,  47) 
have  reported  that  the  administration  of  vitamin  Bx  oftentimes 
relieves  the  symptoms  of  peripheral  neuritis.  It  is  known  that 
the  peripheral  neuritis  in  certain  persons  with  infectious  diseases 
disappears  following  the  administration  of  a  well-balanced  diet ; 
hence,  it  seems  advisable  to  consider  carefully  the  diets  of  all 
persons  with  infectious  diseases  complicated  by  peripheral  neu¬ 
ritis. 

In  the  fourth  column  can  be  seen  a  long  list  of  chemical 
substances  which  are  known  to  cause  peripheral  neuritis.  Toxi¬ 
cologists  and  neurologists  agree  that  not  every  person  exposed 
to  the  .^e  chemical  agent  responds  in  an  identical  manner, 
there  is  definite  clinical  evidence  showing  the  predilection  of 
some  of  these  substances  for  special  portions  of  the  nervous  sys- 

Zr  i te  Zsch'ef he’  and  Spies  (48)  tried  without  success  to 
alter  the  course  of  two  cases  of  triorthocresyl  phosphate  poison- 
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as  to  whether  lack  of  vitamin  Bx  plays  a  definite  role  in  the 
development  of  any  of  the  “chemical  neuritides.” 

Under  Column  III  one  sees  a  long  list  of  diseases  which 
show  the  conspicuous  relationship  of  the  lack  of  proper  nutrition 
to  the  development  of  neuritis.  This  list  is  composed  chiefly 
of  metabolic  and  deficiency  diseases.  These  diseases  often  have  a 
number  of  clinical  features  in  common.  In  the  scope  of  this  book 
we  are  concerned  chiefly  with  the  neuritic  manifestations  which 
may  be  common  to  patients  having  these  diseases.  Evidence  is 
accumulating  rapidly  which  shows  that  many  of  the  polyneuritic 
symptoms  listed  under  various  syndromes  are  clinical  variations 
of  one  large  etiological  group.  Since  vitamin  Bx  will  prevent  and 
usually  relieve  the  clinical  manifestations  of  the  polyneuritis 
of  beriberi,  a  known  dietary  deficiency  disease,  and  since  it  is 
essential  for  the  integrity  of  the  nervous  tissue  in  general,  it 
seems  likely  that  its  absence  may  play  a  very  important  part  in 
the  development  of  neuritis  in  a  number  of  these  diseases.  In 
fact,  most  of  the  evidence  points  to  the  fact  that  it  is  a  useful 
therapeutic  agent  in  the  treatment  of  alcoholic  neuritis  with  or 
without  pellagra,  polyneuritis  of  pregnancy,  and  polyneuritis  of 
diabetes  (see  Chapter  III).  Most  of  the  other  diseases  in  this 
column  may  be  related  to  disturbances  of  nutrition,  and  it  may 
well  be  that  a  lack  of  vitamin  Bx  plays  a  role  in  the  production 
of  neuritic  manifestations  accompanying  these  other  diseases. 
These  diseases  of  metabolism  are  often  associated  with  loss  of 
appetite  and  malabsorption  which,  in  themselves,  may  lead  to 
a  deficiency  of  some  specific  factor  or  factors.  These  manifesta¬ 
tions  are  extremely  variable  from  a  clinical  standpoint.  For  ex¬ 
ample,  if  a  physician  studies  a  large  group  of  chronic  alcoholic 
addicts  with  malnutrition,  he  will  find  some  with  no  symptoms, 
others  with  symptoms  of  beriberi,  and  still  others  with  neu¬ 
rological,  dermal,  and  gastro-intestinal  changes  characteristic  of 
pellagra.  Still  others  will  show  hematological  and  neurological 
changes  similar  to  those  of  sprue  and  of  pernicious  anemia. 
Some  of  the  persons  with  chronic  alcoholic  addiction  develop 
Korsakoff’s  syndrome.  This  clinical  syndrome  is  characterized 
by  a  peripheral  neuritis  identical  with  that  of  beriberi  and  by  a 
psychosis  often  resembling  that  of  pellagra.  . 

Before  going  into  a  clinical  discussion  of  beriberi  and  some 
of  the  other  related  diseases  often  associated  with  peripheral 
neuritis  or  edema,  it  is  well  to  realize  that  as  the  etiological  agents 
are  better  understood,  the  present  clinical  classifications  of  the 
various  syndromes  will  give  way  to  a  classification  based  entirely 

on  the  etiology. 
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CHAPTER  II 


BERIBERI  AND  CLOSELY  RELATED  OR  IDENTICAL 

DISEASES 

Beriberi — Ship  Beriberi — Epidemic  Dropsy — Hunger  Edema — 
Sporadic  Cases  in  Association  with  Malnutrition 

BERIBERI 

Synonyms 

Polyneuritis  endemica;  barbiers  (France);  loempoe  (Java); 
kakke  (Japan  and  China);  taon  (Philippines);  maladie  des 
sucreries  (French  Antilles);  maladie  des  jambes  (Louisiana); 
hinchazon  (Cuba);  inchacao  or  pernieras  (Brazil). 


Definition 

Beriberi  is  a  disease  caused  by  a  prolonged  deficiency  of 
the  antineuritic  vitamin,  Bi.  It  is  non-contagious  and  non- 
hereditary  and  may  occur  at  any  age  in  either  sex  of  any  race. 
In  the  adult  it  is  characterized  by  multiple  neuritis,  muscular 
atrophy,  cardiovascular  changes,  serous  effusions,  and  generalized 
edema.  These  manifestations  vary  so  greatly  in  number,  severity, 
and  order  of  appearance  from  one  patient  to  another  that  beri¬ 
beri  has  come  to  be  classified  into  three  types:  1.  Dry  beriben, 
when  the  predominating  symptom  is  a  multiple  peripheral  neu¬ 
ritis  2  Wet  beriberi,  when  serous  effusions  and  edema  are  the 
outstanding  features.  3.  Cardmc,  pernicious,  or  acute  beriben, 
when  fulminating  cardiovascular  changes  are  present.  Observa¬ 
tions  on  a  large  series  of  persons  with  beriberi  show  that  indi¬ 
vidual  cases  frequently  have  findings  characteristic  of  more  than 
one  of  the  above  types.  Such  cases  are  often  called  mixed  beri- 

benLike  the  adult,  the  infant  develops  beriberi  when  there  is  a 
deficiency  of  vitamin  B x  in  the  diet.  Infantile  beriberi  is  nearly 
always  an  acute  disease  with  a  sudden  onset  and  is  character¬ 
ized  particularly  by  acute  cardiac  enlargement,  dilatation,  and, 

if  untreated,  sudden  death. 
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Incidence 

Beriberi  occurs  endemically  where  polished  rice  and  other 
refined  cereals,  deficient  in  vitamin  Bj,  form  the  major  portion 
of  the  diet.  It  is  particularly  prevalent  in  Japan,  southern 
China,  the  Malay  Peninsula,  East  Indies,  the  Philippines,  and 
southern  India.  It  has  been  observed  frequently  in  Brazil,  the 
West  Indies,  Australia,  and  on  the  east  and  west  coasts  of 
Africa.  The  disease  occurs  sporadically  and  in  small  outbreaks 
on  shipboard,  among  government  troops,  and  in  prisons,  insane 
asylums,  and  other  institutions  throughout  the  world. 


History 


According  to  Macgowan  (1),  in  his  History  of  China,  beri¬ 
beri  was  recognized  by  the  Chinese  as  early  as  2697  b.c.,  but 
it  was  unknown  to  physicians  of  the  western  world  until 
1645  a.d.  In  that  year  Jacobus  Bontius  (2)  called  attention  to 
the  presence  of  dry  beriberi  in  Java.  Over  one  hundred  and 
fifty  years  were  to  pass  before  Rogers  (3)  described  the  wet 
form.  Wet  beriberi  and  dry  beriberi  were  considered  two  separate 
diseases  until  1835,  when  Malcolmson  (4)  observed  that  cases 
which  began  as  wet  beriberi  often  became  transformed  into  dry 
beriberi  after  sudden  diuresis  and  that  the  dry  type  often  de¬ 
veloped  edema.  From  these  observations  he  concluded  that  the 
wet  and  dry  forms  are  two  types  of  the  same  disease,  an  opinion 
which  is  now  almost  universally  accepted.  In  1898  infantile 
beriberi  in  nursing  infants  was  described  for  the  first  time  bv 
Hirota  (5). 


Since  the  middle  of  the  nineteenth  century,  studies  have 
been  directed  particularly  toward  determining  the  cause  of  beri¬ 
beri.  Following  the  discovery  that  a  deficiency  of  vitamin  B, 
plays  an  essential  if  not  complete  role  in  the  development  of  this 

nww  m^estlgator®  Revised  and  successfully  applied  dietary 
methods  of  prevention  and  treatment.  In  1927  Jansen  and 

R°nwnn  6  rw°rfted  the  lso!atlon  of  the  antineuritic  vitamin 
Bl  Williams  Waterman,  and  Keresztesy  (7),  a  few  years  later’ 

were  able  to  obtain  it  in  relatively  large  quantities  and^eventuallv 
vere  able  to  synthesize  it  (8)  (see  Chantpr  XTT'i  auu  Y 
crystalline  vitamin  B,  has,  thus 

a  small  number  of  persons  with  beriberi  the  result!  j 

indicate  that  this  substance  is  the  specTfic  antiberiheric  f»'rd 
Hermano  and  Eubanas  (9)  treated  ten  adults  and  two  W  t  ' 

dudednthartUthCiUlar  KnfCti0nS  °f  crystalline  vitamin  B,  and  com 
uaed  that  this  substance  gave  verv  Drorm<?ino-  +•  on» 

curing  beriberi.  Hashimoto  (10)  and  °n 

treated  successfully  one  ease  of  beriberi  withe"  invo^em^t 
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by  means  of  crystalline  vitamin  The  acute  cardiac  case  re¬ 
ported  by  Hashimoto  had  severe  myocardial  damage  as  evi¬ 
denced  by  electrocardiography.  Following  intravenous  injections 
of  crystalline  vitamin  Bx  there  was  prompt  recovery  and  a  return 
of  the  electrocardiogram  to  normal.  It  is  hoped  that  within  the 
next  few  years  careful  studies  will  be  done  on  large  series  of 
cases  in  order  that  the  effectiveness  of  crystalline  vitamin  Bj 
in  the  treatment  of  the  typical  case  of  beriberi  may  be  fully 
evaluated. 


Etiology 

An  enormous  amount  of  effort  has  been  directed  toward 
determining  the  cause  of  beriberi,  with  the  result  that  many 
theories  have  been  advanced  only  to  be  discarded  for  lack  of 
evidence  in  their  support.  The  two  prevailing  theories  are: 
1.  Beriberi  is  an  infection  in  which  diet  plays  a  more  or  less 
important  role  (12,  13,  14,  15).  2.  It  is  a  dietary  deficiency 
disease.  Recent  studies  have  given  little  support  to  the  theory 
of  infectious  origin,  whereas  the  results  of  clinical  and  exper¬ 
imental  studies  have  shown  that  beriberi  develops  following  a 
faulty  food  supply  or  an  alteration  in  metabolism  (16,  17,  18, 
19,  20.  21,  22,  23,  24,  25,  26,  27,  28,  29).  In  most  instances 
there  is  a  relationship  between  the  ingestion  of  an  unbalanced 
diet  rich  in  decorticated  cereals,  and  the  development  of  the 
disease  (see  Chapter  VII).  Such  diets  are  deficient  in  thiamin, 
but  a  final  decision  has  not  been  reached  as  to  whether  the  lack 
of  thiamin  is  the  sole  cause  of  the  syndrome,  nor  do  we  know  the 
exact  role  which  thiamin  plays.  The  clinical  manifestations  of 
beriberi  are  so  varied  that  more  than  one  etiological,  chemical 
substance  may  be  responsible  for  the  development  of  the  syn¬ 
drome.  It  is  possible  that  a  deficiency  of  thiamin  may  arise  from 
one  or  several  of  the  following:  (a)  a  deficiency  in  the  diet  (5) 
failure  of  absorption,  (c)  deficient  storage,  ( d )  failure  of  utiliza¬ 
tion,  ( e )  increased  requirement.  .  .  ,  , 

Apparently  man,  as  well  as  experimental  animals,  is  unable 

to  synthesize  thiamin,  nor  can  he  store  it  to  any  great  extent. 
Thus  he  is  particularly  susceptible  to  the  development  of  beri¬ 
beri.  It  follows,  then,  that  a  person  with  severe  beriberi  un¬ 
doubtedly  has  a  significant  depletion  of  his  stores  of  thiamin. 
It  is  not  known,  however,  how  long  the  depletion  of  vitamin  Bt 
n  man  must  exist  before  the  symptoms  of  beriberi  appear 
Clinical  studies  show  that  the  depletion  period  is  extremely 
S  ranging  perhaps  from  a  few  weeks  to  months  or  even 
vanaDie,  rang  g  t  i  35,36,37).  It  is  obvious  that  from 

Cstite ’of 'complete  s^rition’of  Vitamin  B,  to  one  of  active 
bpriberi  there  must  be  a  broad  range  in  which  the  person  is  free 
from  symptom^  and  yet  subsists  on  a  low  intake  of  thiamin. 
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Although  beriberi  appears  only  in  the  absence  of  vitamin  Bi, 
certain  predisposing  and  precipitating  factors  play  a  definite  role 
in  the  development  of  this  clinical  syndrome.  Important  among 
these  factors  are:  poverty  (20,  38,  39);  increased  physical  ex¬ 
ercise,  hyperthyroidism,  fevers,  and  other  conditions  which  are 
accompanied  by  an  increased  metabolic  rate  (39,  40,  41,  42,  o, 
44,  45,  46,  47,  48,  49);  pregnancy  and  lactation  (43,  50,  51,  52, 
53,’  54) ;  fatigue  (39,  42) ;  food  fads  and  dietary  idiosyncrasies 
(55) ;  and  digestive  disturbances  and  chronic  debilitating  diseases 
which  cause  improper  ingestion,  assimilation,  or  utilization  of 
food  (39,  43,  56,  57,  58,  59,  60,  61,  62,  63,  64,  65,  66,  67,  68,  69, 
70,71,72,73,74). 

However  varied  opinions  may  be  in  regard  to  the  etiology 
of  beriberi,  it  seems  clear,  from  clinical  and  experimental  studies, 
that  the  disease  can  be  prevented  and  usually  cured  by  the  use 
of  foods  rich  in  vitamin  Bj  or  by  supplements  of  thiamin  (38, 
75).  Much  of  the  present  confusion  over  the  relationship  be¬ 
tween  the  various  symptoms  of  beriberi  and  between  beriberi 
and  other  diseases  should  be  explained  within  the  next  few  years, 
as  thiamin  in  pure  form  is  now  available  for  clinical  studies. 


Signs  and  Symptoms  of  Clinical  Beriberi 

In  the  infant,  beriberi  is  usually  an  acute  disease;  in  the 
adult,  it  is  usually  chronic. 

Infantile  type.  The  clinical  picture  of  infantile  beriberi  is 
characterized  by  a  sudden  onset  associated  with  rigidity  of  the 
body,  whining,  constipation,  diminished  urinary  excretion,  weak¬ 
ness,  edema,  cardiac  enlargement,  cyanosis,  and  a  rapid  and 
irregular  pulse  (76,  77,  78,  79,  80).  If  the  infant  is  not  cured 
promptly  by  means  of  treatment,  he  dies  suddenly. 

Adult  type.  In  contrast  to  beriberi  in  the  infant,  the  onset 
in  the  adult,  except  in  cases  of  acute  cardiac  beriberi,  is  usually 
insidious,  and  the  symptoms  are  vague  and  ill-defined.  Loss  of 
strength  is  one  of  the  earliest  subjective  manifestations  of  the 
disease  1  he  sole  complaint  for  weeks  may  be  fatigue  and  sensa- 

f'°"s  °f  leav\nef  and  stiffness  of  the  legs,  and  perhaps  inability 
to  walk  long  distances.  Soon  after  the  appearance  of  these  symp- 
toms,  a  person  developing  beriberi  often  notices  headache  in¬ 
somnia  nervousness,  dizziness,  dyspnea,  loss  of  appetite  dys¬ 
pepsia,  tachycardia,  and  tenderness  of  the  calf  muscles  After 

divfdedbintPnrthd  0f  tlme  the  major  symPtoms  of  beriberi  can  be 
divided  into  three  groups,  corresponding  to  the  predomination- 

of  he  °ng'CaI  alterati0n:  “  Symptoms  referable  to  fnvoTement 

dry  beriberi'll)  Svmntn^°dUCe  &  C]lnical  P^ture  which  is  called 

«r«fad  „d  X.L?  pi.TrSj'SS 
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which  has  been  called  wet  beriberi,  c.  Acute  symptoms  depending 
upon  cardiac  involvement  and  including  passive  congestion  of 
the  viscera  have  been  termed  acute  pernicious  beriberi.  Cases  of 
beriberi  having  the  characteristic  symptoms  of  more  than  one  of 
the  above  types  are  known  as  mixed  beriberi. 

The  following  table  of  Platt  and  Lu  (81)  attempts  to  correlate 
the  major  symptoms  of  beriberi  with  the  degree  of  vitamin  Bj 
deficiency.  This  table  is  important  in  emphasizing  the  chief 
symptoms  of  clinical  beriberi,  but  in  the  experience  of  the  au¬ 
thors.  any  attempt  to  correlate  the  clinical  findings  with  the  de¬ 
gree  of  vitamin  Bx  deficiency  is  much  more  difficult  than  would 
be  suggested  by  the  arbitrary  symbols  used  by  Platt  and  Lu. 

Beriberi  :  The  Assessment  of  Symptoms  in  Human 
Beings  in  Terms  of  Vitamin  Bi  Deficiency 

Vitamin  Bi 


Clinical  Symptoms 

Neuritis  usually  of  legs  with  altered 
(usually  absent)  knee-  and  ankle-jerks 
Paraesthesiae 

Weakness . 

Oedema 
Enlarged  heart 

Tachycardia  (with  embryocardia) . 

Cyanosis 

Dyspnoea 

Cardiac  decompensation . 

Epigastric  distress 

Prostration  and  restlessness . 


+  + 


4-  +  + 


Whether  mild  or  severe,  each  case  of  beriberi  presents  indi- 
vidual  variations  in  the  symptoms  of  peripheral  neuritis,  cardiac 
insufficiency,  and  edema.  Clinical  studies  of  a  group  of  patients 
with  beriberi  show  that  the  number  of  symptoms  present,  their 
order  of  appearance,  and  their  degrees  of  severity  are  extremely 
variable  (20,  38,  39).  For  example,  a  patient  with  predominating 
cardiac  symptoms  may  develop  multiple  peripheral  neuritis,  and 
conversely,  a  patient  with  peripheral  neuritis  may  suddenly  de¬ 
velop  cardiorespiratory  symptoms.  Serous  effusions  and  edema 
may  precede,  accompany,  or  follow  the  cardiac  or  nervou 

Sy  Nervous  system.  The  major  clinical  manifestation  is  an  as¬ 
cending  symmetrical,  peripheral  neuritis.  The  initial  symptoms 
are  weakness  and  cramps  of  the  legs  often  followed  by  bur mng 
of  the  ankles  and  the  soles  and  dorsal  surfaces  of  the  feeL  The 
Achilles  and  patellar  reflexes  become  increased,  later  diminished, 
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and  finally  they  disappear.  The  muscles  of  the  feet  and  calves, 
and  finally  the  extensors  and  flexors  of  the  thigh,  are  involved. 
By  the  time  the  thigh  muscles  are  weak,  toe  and  foot  drop  can 
usually  be  demonstrated.  These  neurological  changes  are  as¬ 
sociated  with  tenderness  in  the  affected  muscles,  particularly  the 
calf  muscles,  and  with  sharply  defined  anesthesia  and  numbness. 
Atrophy  of  the  muscles  and  skin  soon  follows  involvement  of  the 
nerve.  As  a  rule,  the  upper  extremities  are  not  involved  to  any 
great  degree  until  the  leg  symptoms  have  become  pronounced. 
In  the  most  severe  cases,  the  process  may  extend  until  the 
muscles  of  the  trunk  and  diaphragm  are  involved.  Patients  with 
such  involvement  are  prone  to  have  muscular  contractures, 
ataxia,  and  lack  of  co-ordination.  Sphincter  control  is  usually 
maintained  until  the  late  stages.  Beriberi  strikingly  affects  the 
vagi.  The  disease,  as  a  rule,  is  not  accompanied  by  severe  mental 
symptoms.  Symptoms  arising  from  neural  degeneration  may 
subside  slowly  in  the  adults  who  recover.  In  the  severe  case 
many  months  may  pass  before  there  is  restoration  of  function,  if, 
indeed,  complete  restoration  does  occur. 

Cardio-respiratory  symptoms.  The  symptoms  of  acute 
cardiac  beriberi  closely  resemble  those  of  infantile  beriberi. 
Patients  with  predominating  cardiac  symptoms  usually  die  sud¬ 
denly,  and  often  without  a  history  of  prodromal  symptoms.  At 
any  time  during  the  course  of  the  disease,  and  often  without 
warning  to  the  physician,  symptoms  of  acute  cardiac  failure 
may  suddenly  appear.  This  cardiac  failure  is  characterized  by 
paroxysmal  onset  of  precordial  pain,  dyspnea,  cyanosis,  increased 
venous  pressure,  tachycardia,  murmurs,  and  a  small,  thready 
pulse.  Transient  elevation  of  the  systolic  and  diastolic  blood 
pressure  and  electrocardiographic  changes  are  frequently  de- 
scribed  (see  Chapter  IV).  Examination  of  the  heart  shows 
striking  enlargement,  especially  to  the  right,  associated  with 
PUjnJ?r?i?I7  congestion,  cyanosis,  and  vasomotor  collapse.  Weiss 
and  Wilkins  (82)  recently  reported  thirty-five  instances  of  “beri- 
beri  heart  in  Boston  Massachusetts.  In  contrast  to  patients 
with  so-called  Oriental  beriberi,  the  majority  of  their  cases  did 

some  rflbtLmP1re  n§ht's!ded  fallure  of  circulation.  In  fact, 
some  of  them  showed  pulmonary  engorgement,  dyspnea  or- 

t  -an^  °ther  man^estations  of  left-sided  failure  Weiss 

atrei0f  thn  0p-ini-?n  that  “beriberi  heart”  occurring 
m  Boston  is  etiologically  similar  to  beriberi  heart  of  the  Orient 

Goodh^t  and  Jolliffe  (83)  believe  that  beriberi  ball  of  its  mam 
testations  is  found  in  chronic  alcoholic  addicts 

fp„  t„roenitaand  other  symptoms.  Edema  is  the  most  conspicuous 

atrophy.  TheTdema  bedns^n^h7  ®on.ceal  underlying  muscular 
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are  often  associated  with  the  generalized  edema.  Following  ade¬ 
quate  therapy,  the  edema  subsides  rapidly,  and  atrophy  of  the 
muscles  may  be  seen.  Gastro-intestinal  symptoms  consisting  of 
anorexia,  diarrhea,  and  vomiting  may  be  present,  with  or  without 
edema.  The  volume  of  urine  is  diminished  during  the  time  the 
person  is  developing  edema.  Apparently  the  edema  occurs  with¬ 
out  significant  renal  changes.  Aphonia  occurs  with  considerable 
frequency  both  in  infantile  beriberi  and  in  chronic  adult  cases. 
A  moderate  anemia  is  a  frequent  finding.  Beriberi  is  often  as¬ 
sociated  with  other  diseases. 


Diagnosis 


Until  a  simple  specific  laboratory  test  for  beriberi  becomes 
available,  a  tentative  diagnosis  must  depend  upon  the  interpre¬ 
tation  of  a  reliable  history  and  a  careful  physical  examination. 
In  obtaining  and  evaluating  the  history,  the  physician  should 
bear  in  mind  that  beriberi  occurs  particularly  among  the  follow¬ 


ing  groups: 

1 .  The  indigent  and  persons  who  have  erroneous  dietary  habits 
and  idiosyncrasies  (20,  23,  24,  26,  27,  38,  39,  55).  Analysis 
of  the  dietary  habits  of  these  persons  usually  shows  that  they 
subsist  on  a  diet  abundant  in  over-milled  rice,  wheat,  or  corn. 
Such  a  diet  is  high  in  carbohydrates  and  relatively  low  in 
proteins,  minerals,  and  vitamins.  Oftentimes  the  total  caloric 
intake  is  correspondingly  low.  Such  persons  rarely  eat  meat,  eggs, 
milk,  fish,  or  fresh  fruits  and  vegetables  in  more  than  meager 


quantities.  .  R1  RA 

2.  Persons  who  have  organic  disease  (39,  43,  56,  57,  59,  ol,  o4, 

72,  73).  Such  persons  may  or  may  not  have  had  an  opportunity 
to  eat  sufficient  amounts  of  a  well-balanced  diet,  but  the  disease 
may  affect  their  appetites  or  the  assimilation  and  utilization  ot 
the  essential  food  substances,  thus  predisposing  to  the  develop¬ 
ment  of  beriberi.  In  diseases  associated  with  an  increased  metab¬ 
olism,  the  requirement  for  Vitamin  Bt  is  increased.  Ihis,  in 
turn,  predisposes  to  the  development  of  beriberi. 

3.  Persons  in  whom  the  vitamin  B,  requirement  is  distinctly 

above  the  average  because  of  growth,  pregnancy  and  lactation, 
or  hard  physical  exertion  (38,  39,  43,  50,  52,  53,  54,  )• 

In  making  a  diagnosis  of  uncomplicated  beriberi  all  other 
causes  of  peripheral  neuritis,  organic  heart  disease,  and  nephritis 
must  be  excluded.  It  is  well  to  keep  in  mind,  however,  that 
beriberi  may  be  present  along  with  other  organic  diseases. 

Adult  beriberi.  The  typical  adult  case,  characterized  by  an 
enlarged  heart,  peripheral  neuritis  edema  and  tenderness 
atrophy  of  the  muscles,  is  easily  diagnosed.  The  mild  case  s 
much  more  common  than  the  classical  one.  but  the  mamfestatio 
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vary  so  greatly  that  the  disease  may  be  recognized  only  with 
difficulty.  The  finding  of  unexplained  peripheral  neuritis  is  in¬ 
dication  that  the  diet  of  the  patient  for  the  past  six  months 
should  be  investigated.  If  the  patient  has  eaten  largely  oi 
polished  rice  or  white  bread,  one  must  seriously  consider  the 
diagnosis  of  beriberi.  When  the  diagnosis  of  beriberi  is  once 
established,  other  persons  (in  the  family  or  institution)  receiving 
the  same  diet  should  be  examined  to  determine  whether  or  not 
they  too  have  incipient  beriberi.  In  making  such  a  survey,  one 
can  often  detect  many  mild  cases  by  keeping  in  mind  the  follow¬ 
ing  facts  noted  by  Vedder  (80):  1.  Slight  pressure  over  the 
muscles  of  the  calf  causes  pain.  2.  Patients  with  beriberi  often 
have  areas  of  anesthesia  over  the  anterior  surface  of  the  tibia. 

3.  Any  modification  of  the  patellar  reflexes  is  suspicious.  4.  If  a 
patient  with  beriberi  squats  upon  his  heels  after  the  Oriental 
manner  of  sitting,  he  may  experience  pain  and  an  inability  to 
arise  without  using  his  hands. 

The  following  cardiac  symptoms  as  described  by  Wenckebach 
(84)  are  particularly  useful  in  making  a  diagnosis  of  the  acute 
pernicious  type  of  beriberi : 


1.  Enlargement  of  the  heart  by  percussion,  auscultation  and  X-ray 
examination. 

2.  The  presence  of  murmurs,  chiefly  systolic  but  also  presystolic 
with  a  resonant  first  sound.  The  murmurs  are  disproportionately  in¬ 
creased  by  exercise. 

3.  Visible  and  palpable  throbbing  pulsations  over  the  heart,  best 
felt  just  to  the  left  of  the  sternum. 

4.  Bounding  pulse  and  thrill  over  the  great  arteries. 

5.  Over-distended  neck  and  arm  veins  and,  without  exception,  a 
painful,  swollen  liver.  In  the  most  severe  cases  liver  pulsation. 


Infantile  beriberi.  Infants  who  are  restricted  to  the  milk  from 
mothers  with  beriberi  usually  develop  the  disease  during  the 
first  three  months  of  life.  In  addition  to  the  cardiac  symptoms 
as  given  by  Wenckebach  and  described  above,  the  diagnosis  of 
infantile  beriberi  is  made  on  the  basis  of  the  following  objective 
findings:  constipation,  diminution  in  the  volume  of  urine,  rigidity 
ot,  body,  weakness,  'edema,  cyanosis,  a  peculiar  whine  ir- 
rapid.llty’  tachycardla'  Response  to  adequate  treatment  is 


Prognosis 


A  favorable  course  depends  upon  an  earlv  diagnosis  M 
owed  by  intensive  and  persistent  treatment  'if  1  j  ' 

srssst  a 
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of  the  beriberi  in  the  group  observed  and  the  treatment  used. 
Patients  do  not  die  from  peripheral  neuritis  alone,  but  recovery 
may  be  slow.  In  some  instances  where  the  nervous  system  is 
extensively  damaged,  complete  regeneration  never  occurs.  The 
mortality  rate  is  high  among  patients  having  acute  cardiac  in¬ 
volvement  (39,  80).  The  immediate  outlook  is  grave  in  any 
patient  who  develops  cardiac  symptoms  or  refuses  food  or  treat¬ 
ment.  Once  the  disease,  whether  mild  or  severe,  has  been  re¬ 
mitted,  the  prognosis  is  good  if  the  patient  continues  to  ingest, 
assimilate,  and  utilize  adequate  amounts  of  a  well-balanced  diet. 
Recovery  is  nearly  always  rapid  and  complete  in  infants  who  are 
given  early  and  persistent  treatment  (80). 


DISEASES  IDENTICAL  WITH  OR  CLOSELY  RELATED 

TO  WET  BERIBERI 

Ship  Beriberi 

Ship  beriberi  is  rarely  seen  today  and  is  mentioned  here 
mainly  for  its  historical  interest.  Vedder  (38),  in  his  monograph 
on  “Beriberi,”  gives  a  very  interesting  description  of  this  disease, 
and  it  is  largely  from  this  work  that  the  following  information 
has  been  obtained.  During  the  long  sea  voyages  in  the  era  of 
sailing  vessels  there  appeared  among  the  European  and  Amer¬ 
ican  members  of  the  crew  a  disease  which,  because  of  its  sim¬ 
ilarity  to  true  Oriental  beriberi,  was  named  ship  beriberi.  Dur¬ 
ing  the  last  two  decades  of  the  nineteenth  century,  epidemics  of 
ship  beriberi  were  reported  frequently,  and  many  investigations 
were  carried  out  to  determine  its  cause  (85,  86,  87,  88,  89,  90,  91). 

The  symptomatolgy  of  ship  beriberi  is  similar  to  that  of 
wet  beriberi  and  consists  of  loss  of  appetite;  constipation; 
weakness;  edema,  particularly  of  the  legs;  numbness  of  the  feet; 
dyspnea;  and  palpitation  of  the  heart  often  followed  by  cardiac 
failure  and  death.  Since  the  sailors  were  usually  buried  at  sea, 
little  information  has  been  obtained  from  postmortem  studies. 
The  relative  infrequency  of  peripheral  neuritis  led  some  investi¬ 
gators  to  believe  that  ship  beriberi  was  not  identical  to  Oriental 
beriberi,  but  today  most  authorities  agree  with  Vedder  that  there 
are  no  outstanding  differences  between  ship  beriberi  and  true 
Oriental  beriberi  of  the  wet  type,  provided  it  is  admitted  that 
wet  beriberi  and  dry  beriberi  are  two  different  forms  of  the  same 
disease.  In  etiology  as  well  as  in  symptomatology,  ship  beriberi 
and  true  beriberi  are  very  similar,  if  not  identical.  The  sailors 
lived  for  months  at  a  time  on  monotonous  diets  of  white  Hour, 
hardtack,  and  salt  meats.  The  symptoms  characteristically  be¬ 
came  worse,  and  increased  numbers  of  the  crew  fell  victims  so 
long  as  the  ship  remained  at  sea  and  a  choice  of  foods  was  not 
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available.  Within  eight  to  fourteen  days  after  the  ship  arrived 
in  port  and  additional  foods  could  be  obtained,  recovery  wa 
complete  in  most  cases.  Incomplete  recovery  rarely  occurred, 
although  Vedder  reports  a  few  cases  in  which  signs  of  true  neu¬ 
ritis  remained.  It  is  generally  believed  today  that  ship  beriberi, 
like  true  beriberi,  is  caused  by  a  deficiency  of  vitamin  Bi  m  the 
diet  (39),  although  it  seems  clear  that  a  coexistence  of  scurvy 


must  have  occurred  often.  . 

With  the  passing  of  the  long  sailing  voyages  and  with  the 
adoption  of  facilities  for  cold  storage  of  food  on  ships,  ship 
beriberi  as  a  special  problem  has  disappeared.  The  treatment 
and  prevention  of  ship  beriberi  are  presumably  the  same  as  for 
true  beriberi  (see  Chapter  VI). 


Epidemic  Dropsy 

Epidemic  dropsy,  a  disease  closely  related  to,  if  not  identical 
with,  beriberi,  was  first  described  as  beriberi  in  India.  In  the 
following  year,  1877,  MacLeod  (92)  gave  it  its  present  name. 
This  disease  is  most  prevalent  in  India,  but  Mann  (93),  in  1920, 
described  an  “oedema  disease”  in  Haiti,  which  in  all  probability 
was  the  same  disease  as  epidemic  dropsy.  Since  1908,  when 
Pearse  (94)  suggested  that  epidemic  dropsy  is  the  same  disease 
as  Oriental  beriberi,  much  disagreement  has  existed  over  the 
identity  of  the  two  diseases. 

The  symptomatology  of  epidemic  dropsy  differs  somewhat 
from  that  of  true  beriberi  in  that  the  former  is  associated  with 
fever,  hemorrhages,  and  glaucoma  (38).  Fever  occurs  in  50  per 
cent  of  the  cases  and  may  be  due  to  the  coexistence  of  malaria 
or  other  infections.  Hemorrhages  occur  in  about  8  per  cent  of 
the  cases  and  may  be  due  to  a  lack  of  cevitamic  acid.  As  yet 
no  information  as  to  the  cause  of  the  glaucoma  is  available.  The 
edema  and  effusions  are  identical  with  those  of  beriberi,  and 
the  pathological  findings  are  essentially  the  same. 

Our  present  standing  in  regard  to  the  etiology  of  epidemic 
dropsy  was  well  summarized  by  the  editor  of  the  Indian  Medical 
y^ftte,.in  193^  as  follows:  “Many  theories  regarding  the  cause 
of  the  disease  have  been  formulated,  have  lived  their  day  and 

and°Pmhfot^y’  a?d  have  been  revived  again.”  Recently  Lai 

dR°V95>  r?vlved  one  of  the  older  theories  and  concluded 
that  epidemic  dropsy,  as  seen  in  Bihar,  Bengal,  Assam  and 

Orissa,  is  caused  by  a  deleterious  substance  which  is  present  in 
certain  consignments  of  mustard  oil.  Most  authorities^owever 
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epidemic  dropsy,  like  true  beriberi,  is  caused  by  a  lack  of  vitamin 
Bj  can  be  determined  only  when  large  amounts  of  crystalline  vita¬ 
min  B!  have  been  administered  to  a  large  series  of  cases.  The 
principles  of  both  treatment  and  prevention  are  the  same  as 
those  for  beriberi  (see  Chapter  VI). 

Hunger  Edema 

According  to  Prinzing  (96),  in  his  history  of  epidemics  re¬ 
sulting  from  wars,  hunger  edema  was  first  noted  at  the  time 
of  the  Peloponnesian  War,  from  430  to  425  b.c.  Since  that  time 
this  disease  has  been  reported  during  many  wars  and  famines  and 
among  prisoners  of  many  countries  under  various  names,  such  as 
“war  edema,”  “famine  edema,”  “starvation  edema,”  and  “prison 
edema”  (92,  93,  97,  98,  99,  100,  101,  102,  103,  104,  105,  106,  107, 
108).  This  disease  occurs  most  frequently  among  persons  per¬ 
forming  hard  physical  labor  while  being  subjected  to  prolonged 
underfeeding. 

Hunger  edema  is  very  similar  to  and  probably  closely  related 
to  the  edema  of  beriberi  (39,  107),  cachexia,  and  pernicious 
anemia  (39).  It  is  most  common  in  the  feet  and  legs  and  involves 
the  face  in  about  50  per  cent  of  the  cases  (39,  107).  It  may  be 
associated  with  bradycardia,  weakness,  asthenia,  polyuria,  neu¬ 
ritis,  muscular  weakness,  and  disturbances  of  the  alimentary 
tract  (39,  107). 

The  exact  cause  of  the  individual  symptoms  has  not  been 
determined,  but  it  is  generally  believed  that  they  result  from 
prolonged  underfeeding  of  a  diet  low  in  protein  and  calories  and 
high  in  salt  and  fluid  content,  rather  than  from  a  diet  deficient 
in  a  particular  vitamin  (39,  107).  All  symptoms  of  hunger  edema 
respond  rapidly  to  a  well-balanced  diet.  hether  vitamin  B, 
plays  a  causative  role  in  the  development  of  hunger  edema  is  not 
known.  Schittenhelm  and  Schlecht  (109)  failed  to  obtain  im¬ 
provement  in  cases  treated  with  the  vitamin  B  complex.  Bruc 
man,  D’Esopo,  and  Peters  (110)  found  that  the  serum  proteins 
were  low  in  patients  with  malnutrition  and  evidences  of  protein 
starvation  due  to  various  causes,  and  demonstrated  further  that 
the  albumin  fraction  alone  suffers  in  the  reduction  of  protein. 
Now  that  famines  are  following  in  the  wake  of  wars  in J^any 
parts  of  the  world,  controlled  studies  w.th  crystallme  v.tam  n  B, 

should  be  carried  out  on  a  large  series  of  Pers?"nv  he  tween  a 
edema  in  order  to  determine  the  relationship,  if  any,  bet  wee 

lack  of  Vitamin  B,  and  the  development  of  this  form  of  edema. 

Sporadic  Cases  in  Association  with  Malnutrition 

Snoradic  cases  of  beriberi  are  reported  in  the  literature 
from  time  to  time  (111,  112,  113,  114).  However,  isolated  cases 
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are  often  not  recognized  as  true  beriberi.  The  following  reporta 
describe  typical  cases.  In  1925  Kepler  (55)  reported  a  casein  a 
Negress  who  restricted  herself  to  a  diet  of  raw  starch.  At  the  end 
of  three  years  she  developed  polyneuritis  with  edema ,and  *n 
enlarged  heart.  One  of  the  authors  (115)  observed  the  develop¬ 
ment  of  beriberi  in  a  woman  who  restricted  her  diet  to  carbo¬ 
hydrates  and  fats.  Following  treatment  with  large  amounts  ot 
yeast,  the  symptoms  disappeared.  In  1934  Urmy,  Ragle,  Allen, 
and  Jones  (61)  demonstrated  that  beriberi  may  follow  a  short- 
circuit  operation  on  the  small  intestine  and  may  be  cured  by 
disconnecting  the  intestinal  anastomosis.  Their  cases  show  that 
beriberi  may  result  from  a  lack  of  proper  absorption.  Many 
persons  suffering  from  malnutrition  have  signs  and  symptoms 
clinically  indistinguishable  from  those  of  beriberi.  Now  that 
crystalline  vitamin  Bi  is  available  to  the  physician,  it  is  expected 
that  this  substance  will  be  administered  to  such  cases  under  care¬ 
fully  controlled  conditions.  In  that  way  alone  can  we  determine 
whether  these  sporadic  cases  are  true  beriberi. 

Prevention  and  Treatment 

The  prevention  and  treatment  of  all  types  of  beriberi  and  dis¬ 
eases  closely  resembling  beriberi  are  discussed  in  Chapter  VI. 
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VITAMIN  B j  AND  THE  POLYNEURITIS  OF  CHRONIC  AL¬ 
COHOLISM,  PREGNANCY,  KORSAKOFF’S  SYNDROME, 
PELLAGRA,  SPRUE,  PERNICIOUS  ANEMIA,  COLITIS, 
DIABETES,  TUBERCULOSIS,  PORPHYRINURIA, 
SENILITY,  MALIGNANCY,  AND  CIRRHOSIS 


Polyneuritis  in  the  Chronic  Alcoholic  Addict 

Chronic  alcoholic  addicts  frequently  develop  polyneuritis 
which  clinically  and  pathologically  is  indistinguishable  frorn  the 
polyneuritis  of  beriberi  described  in  the  previous  chapter.  Al¬ 
coholic”  polyneuritis  was  first  described  about  one  hundred  and 
fifty  years  ago  by  the  English  physician,  John  C  oakley  Lettsom 
(1).  He,  as  well  as  James  Jackson  (2),  author  of  the  second 
classic  description  of  this  condition,  attributed  it  to  a  direct 
neurotoxic  effect  of  the  alcohol.  There  was  full  acceptance  of  this 
hypothesis  until  1928,  when  Shattuck  (3)  suggested  that  the 
polyneuritis  occurring  in  the  alcoholic  addict  might  result  from 
a  deficiency  in  the  diet,  a  theory  which  is  accepted  by  the  major¬ 
ity  of  clinicians  today.  Shattuck  stated  that  alcoholic  poly¬ 
neuritis,  as  well  as  the  polyneuritis  frequently  associated  with 
other  debilitating  diseases  which  often  interfere  with  nutrition 
such  as  diabetes,  cancer,  tuberculosis,  syphilis,  Pre|nan^;J in(J 
the  marasmus  of  infants,  might  be  caused  by  a  deficiency  of 
vitamin  B  in  the  diet  or  by  failure  to  .assimilate  that  vitamin 
if  it  were  present  in  adequate  amounts  in  the  d  e  . 
stated  that  the  polyneuritis  found  in  association ‘beriberi 
bilitating  diseases  “might  be  properly  regarded  “  true,°e"“r‘ 
qnd  not  merely  as  complications  or  sequelae  of  oth«r.  5*  peases. 

cases ‘of^ofy  neuritis  ^^^robably^lep^nde^b^i^part^at^east, 

Sb"u.s:.”.£i,  “r  k""'- 
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edge  of  the  etiology  and  treatment  of  “alcoholic”  polyneuritis, 
but  the  most  outstanding  studies  of  the  past  few  years  will  be 
considered  briefly. 

Evidence  of  a  relationship  between  lack  of  vitamin  B  com¬ 
plex  and  the  development  of  “alcoholic”  polyneuritis.  In  1932 
Meyer  (6),  from  a  careful  study  of  the  dietary  habits  of  several 
cases  of  “alcoholic”  polyneuritis,  concluded  that  as  a  rule  the 
alcoholic  addict  who  develops  polyneuritis  has  an  inadequate  in¬ 
take  of  food  and  vitamins.  He,  like  Shattuck,  felt  that  the  es¬ 
sential  protective  substance  might  be  vitamin  B  and  noted  that 
the  clinical  manifestations  and  pathologic  findings  were  very 
similar  to  those  found  in  beriberi. 

In  the  following  year  Wechsler  (7)  observed  improvement  in 
three  chronic  alcoholic  addicts  with  polyneuritis,  following  the 
administration  of  foods  rich  in  vitamins.  Although  he  was  not 
able  to  express  any  final  opinion  concerning  the  nature  of  the  food 
deficiencies  in  the  cases  reported,  he  suggested  that  a  lack  of 
vitamin  B*  or  B2  (G)  was  probably  the  underlying  cause  of  the 
polyneuritis.  In  conclusion  he  stated  that  many  cases  of  poly¬ 
neuritis  which  have  hitherto  been  regarded  as  due  solely  to  a 
specific  cause  such  as  alcohol,  arsenic,  lead,  and  phosphorus  may 
have  underlying  it  another  and  possibly  determining  factor  in 
avitaminosis.  He  called  attention  to  the  fact  that  the  general 
pathologic  changes,  which  are  degenerative  rather  than  in¬ 
flammatory,  are  similar  to  the  degenerative  changes  in  avitami¬ 
nosis. 

,  1933  Minot,  Strauss,  and  Cobb  (8)  suggested  that  tflp 

defioency  which  is  responsible  for  the  dev^pment  of  poly! 
neuritis  can  be  attributed  not  only  to  inadequate  intak^  fof 
food]  but  also  to  the  state  of  the  gastro-intestinal  tract  nnrl  tt> 
presence  of  factors  that  can  inhibit  the  effe  !v’ness  of  nu  rf 
lonal  elements.”  They  arrived  at  this  conclusion  after  stndv!^ 
the  dietary  histories  of  and  performing  strip  o  l  • dy  ng 
group  of  patients  with  “alcohohc” SeuritL  Th^  °V 
gators  found  that  the  diet,  in  many  Instances  wJs  d'fi  ‘"T-’’ 
calories  as  well  as  in  protein  minprVk  deficient  m 

gastric  analyses  showed  a  33  per  cent  ’incidene^f18  fracJional 
chlorhydria  and  a  50  per  cent  LTdon™  ^  !  °f  ga*  r,c  hyp°- 

m  contrast  to  an  expected  hypochlorhvdria!!f  ^ tnc,  achl°rhydria, 
in  a  group  of  normal  individuals  of  thJJ  f  on  y  12  per  cent 
ratio.  In  view  of  the  frequent  assocLf  6  ?gu  grouP  and  sex 
with  certain  deficient  statel  such  .«  „!  °f  hyP°chl°rhydria 
and  sprue,  in  which  it t  enC0UnLPed  n'^Q  pelIagra’ 

cent,  and  50  per  cent  respectively  101  the  •  P,i"r  cent>  Per 
hydna  in  the  alcoholic  addict  with  I  nt  lncidence  of  achlor- 
particularly  significant.  By  treatmen^with^61?-  1neu.rltls  seemed 
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and  autolyzed  yeast  or  extractives,  recovery  was  “observed  more 
uniformly  and  with  greater  rapidity  than  previously.”  They 
stated  that  the  belief  that  dietary  deficiency,  especially  the  lack 
of  vitamin  Bx,  plays  an  important  role  in  the  production  of 
“alcoholic”  polyneuritis  is  favored  by  the  grossly  deficient  diets 
taken  by  the  patients  for  a  long  period  of  time,  the  similarity  of 
the  lesions  and  symptoms  to  those  of  beriberi,  and  the  more 
satisfactory  improvement  with  a  diet  rich  in  proteins  and  vita¬ 
mins  than  with  any  other  form  of  therapy. 

Meanwhile  Spies  and  DeWolf  (10),  while  studying  the  re¬ 
lationship  between  severe  alcoholism  and  the  development  of 
“alcoholic”  pellagra,  had  noted  that  the  clinical  manifestations 
of  polyneuritis  did  not  become  worse  in  so-called  “alcoholic” 
pellagrins  taking  large  quantities  of  whisky  if  they  ate  large 
amounts  of  a  well-balanced  diet.  Strauss  (11),  using  the  same 
approach,  conducted  controlled  studies  on  the  effect  of  alcohol 
on  patients  with  “alcoholic”  polyneuritis  unassociated  with 
pellagra.  Ten  such  patients  were  allowed  to  continue  their  cus¬ 
tomary  intake  of  hard  liquor,  from  1  pint  to  1  quart  daily,  on 
condition  that  they  consume  daily  a  high  caloric,  high  vitamin 
diet  and  18  grams  of  Vegex,  or  30  Harris  yeast-vitamin  tablets 
or  90  grams  of  dried  brewers’  yeast.  In  addition,  each  Patient 
received  10  cc.  of  intramuscular  vitamin  B  concentrate  (Billy) 
each  day,  and  10  cc.  of  intramuscular  liver  extract  solution 
(Lilly  NdSf.R.)  each  week.  Under  this  regime  the  polyneuntia 
improved  in  every  instance.  The  author  concluded  that  al¬ 
coholic’  polyneuritis  does  not  result  primarily  from  a  direct  neu¬ 
rotoxic  effect  of  alcohol,  but  is  probably  the  result  of  a  dietary 
deficiency  possibly  conditioned  in  some  cases  by  disturbed 
vastro-intestinal  function.”  It  is  suggested  that  “alcoholic 
polyneuritis  be  regarded  as  similar  to  the  polyneuritis  of  beriberi 

“^fafoutTetm^time,  Blankenhorn  and  Spies  (12)  re- 
nnrtpd  the  results  of  curative  and  preventive  studies  on  fifty 

fifty  patients  eventually  beca  natients  after  discharge  from 

were  continued  on  ^om^^ the  fifty  patients  ^j^ing  an(?\o  eat 

the  hospital.  Fifteen  were  in  ^  were  last  0b- 

three  full  meals  each  d  y.  i-  unrffP  from  the  hospital,  they 
served,  more  than  a  year  a  ter  d> sdharge Rom  the  P 
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neuritis  were  allowed  to  live  at  home  and  drink  as  much  alcohol 
as  they  pleased.  Five  of  the  twenty  were  allowed  to  eat  as 
they  wished  and  were  given  frequent  large  injections  of  liver 
extract.  The  remaining  fifteen  received  an  adequate  diet  often 
supplemented  with  dry  powdered  brewers’  yeast.  None  of  these 
twenty  patients  developed  any  evidence  of  pellagra  or  pe¬ 
ripheral  neuritis  during  the  subsequent  year  of  observation.  In 
summary,  the  authors  stated  that:  1.  The  peripheral  neuritis 
associated  with  “alcoholic”  pellagra  or  with  chronic  alcoholism 
without  pellagra  may  improve  in  spite  of  the  patients’  drinking 
large  quantities  of  whisky,  provided  an  adequate  diet  is  also 
ingested.  2.  Persons  who  are  prone  to  relapses  of  the  peripheral 
neuritis  have  no  return  of  symptoms,  provided  they  do  not 
drink  or,  if  they  do  drink,  provided  they  eat  adequately  or  take 
large  amounts  of  either  yeast  or  liver  extract. 

Thus  far,  the  results  of  investigative  work  strengthened  the 
hypothesis  that  “alcoholic”  polyneuritis  results  from  inadequate 
ingestion  or  assimilation  of  some  essential  substance  or  sub¬ 
stances  and  failed  to  give  any  indication  that  alcohol  has  a 
direct  harmful  effect  on  the  nerves.  Furthermore,  it  seemed 
likely  that  vitamin  or  at  least  some  part  of  the  vitamin  B 
complex,  was  the  factor  involved.  The  next  step  was  added  by 
Cowgill  (13),  who  emphasized  a  quantitative  relationship  be¬ 
tween  the  number  of  calories  ingested  and  the  amount  of  vi¬ 
tamin  Bx  required,  in  the  diet  of  animals.  Using  Cowgill’s 
formula,  Jolliffe,  Colbert,  and  Joffe  (14)  estimated  quantita¬ 
tively  the  vitamin  Bx  and  caloric  intake  of  forty-two  alcoholic 
addicts,  twenty-six  of  whom  had  polyneuritis.  They  found  that 
if  the  caloric  value  of  the  ingested  alcohol  was  included  in  the 
estimation  of  the  vitamin-calorie  ratio,  a  definite  correlation 
existed  between  the  inadequacy  or  adequacy  of  the  vitamin  Bi 
intake  and  the  presence  or  absence  of  polyneuritis.  That  is 
that  every  alcoholic  addict  with  polyneuritis  had  an  estimated 
inadequate  vitamin  Bx  intake,  whereas  no  alcoholic  addict  with 
an  estimated  adequate  vitamin  Bx  intake  had  polyneuritis.  The 
authors  concluded  that  alcohol  has  no  direct  toxic  action 

rnfnB ''is  °tVhoe  Peripfher?1  nerves>  and  that  a  deficiency  of  vita¬ 
min  B^  is  the  cause  of  polyneuritis  in  the  alcoholic  addict 

Subsequently,  Jolliffe  and  Colbert  (15)  gave  to  twentv  pio-hf 
alcoholic  addicts  with  uncomplicated  polyneuritis  diets  con¬ 
taining  slightly  inadequate  or  barely  adeauafp  mian+i+i  t 
vitamin  Bx  or  diets  containing  either  a ?  °f 
or  four  times  the  estimated  vitamin  B,  KS? V™ 
that  those  who  received  borderline  amount^f  ^  ^ 

...»  their  t^ASSS; 
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improvement  which  was,  however,  not  as  rapid  or  as  dramatic 
as  in  those  patients  who  received  four  times  their  vitamin  Bx 
requirement.  Since  Vegex,  a  complex  preparation  of  autolyzed 
brewers’  yeast  containing  vitamin  Bx  as  well  as  vitamin  B2,  was 
used  to  increase  the  vitamin  B  intake,  the  authors  suggest  that 
there  may  be  a  fraction  in  the  vitamin  B  complex,  other  than 
vitamin  Bx  itself,  which  augments  the  action  of  vitamin  Bi  on 
the  polyneuritis  in  the  alcoholic  addict.  More  recently,  Jolliffe 
and  Goodhart  (16)  have  pointed  out  that  cardiovascular  dis¬ 
turbances  are  seen  in  approximately  one  third  of  the  chronic 
alcoholic  addicts  who  show  vitamin  Bl  deficiency  in  the  form  of 
peripheral  neuritis,  and  concluded  that  these  cardiovascular  dis¬ 
turbances  are  probably  manifestations  ol  vitamin  Bi  deficiency. 

Recently  Romano  (17)  reported  the  results  of  a  clinical 
study  of  the  deficiency  syndromes  associated  with  chronic  al¬ 
coholism.  Of  the  77  patients  (58  per  cent  of  the  total  number) 
who  showed  evidence  of  some  form  of  neuritis,  61  (79  per  cent) 
gave  a  history  of  an  inadequate  diet.  Every  patient  with  mild 
or  severe  involvement  of  the  peripheral  nerves  was  treated  with 
a  high  caloric  (4000  to  5000  calories  daily),  high  vitamin  diet 
supplemented  with  powdered  brewers’  yeast  tablets  (4  gm. 
daily)  wheat  germ  preparations  (30  to  60  gm.  daily),  and  either 
vitamin  Bx  or  liver  preparations  given  parenterally  m  daily 
doses.  Of  the  77  patients  with  neuritis,  5  (6.4  per  cent)  failed 
to  respond  to  such  therapy,  47  (61  per  cent)  showed  pa-rtiaJ  im- 
nrovement,  and  25  (32.4  per  cent)  showed  relief  of  all  symptoms 
during  their  period  of  hospitalization.  The  author  concluded 
that  vitamins  B,  and  B2  (G)  are  of  definite  value  in  the  treat¬ 
ment  of  the  deficiency  syndromes  associated  with  chronic  al- 

C°h  Studies ’with  crystalline  vitamin  B,.  The  identification  and 
Tu  •  „ (  iritamin  B  bv  Williams  and  his  associates  (18,  19), 
synthesis  o  manufacture  of  large  quantities  of  crystalline 

making  in  clinical  research  on  this 

pellagra  often  progress  rJ?rpU!Lch  meal  an  amount  comparable 

3  °UhCtShe  hid  been  dHnking  before  admission  to  the  hospital, 
to  what  he  had  been  c  »  burning  of  the  feet,  and  shoot- 

The  hyperesthesia,  excrUn  maniffstation,  but,  in  general, 

they ’progressed.  By  the  end  of 

from'his  feet, U and  codeine  had^to  administered  each  night. 
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Continuing  on  the  same  diet  and  the  same  amount  of  whisky,  the 
patient  was  given  15  milligrams  of  vitamin  Bt  crystals  by  mou 
Cy "°r  Se  "ext  fifteen  days.  By  the  end  of  the  second  week 
the  symptoms  had  begun  to  improve  slowly  but  definitely.  By 
the  end  of  the  fourth  week  after  the  initial  adrmnistration  of 
vitamin  Bl}  the  patient  was  able  to  walk  with  tightly  laced 
shoes  and  no  longer  required  a  cradle  or  codeine. 

Vorhaus,  Williams,  and  Waterman  (20)  have  also  reported 
favorable  results  in  cases  of  various  types  of  polyneuritis,  in¬ 
cluding  “alcoholic,”  following  the  daily  oral  administration  ot 

10  milligrams  of  pure  crystalline  vitamin 

Jolliffe  and  Colbert  (15)  observed  a  rapid  response  in  two 
alcoholic  addicts  with  polyneuritis  following  intravenous  in¬ 
jections  of  vitamin  Bt.  One  patient,  who  had  absent  ankle- 
jerks,  a  bilateral  foot-drop,  and  severe  skin  hyperesthesia  m  the 
lower  extremities,  showed  no  improvement  when  maintained 
for  seventy-four  days  on  a  diet  which  was  of  borderline  ade¬ 
quacy.  She  was  then  given  10  milligrams  of  crystalline  vitamin 
Bj  by  intravenous  injection  each  day  for  five  consecutive  days. 
After  20  milligrams  had  been  given,  the  knee-jerks  returned, 
the  foot-drop  disappeared,  and  the  sensory  status  was  improved. 
By  the  end  of  the  sixth  day  the  patient  was  able  to  get  out  of 
bed  for  the  first  time  in  eighty  days.  On  the  following  day  her 
diet  was  changed  to  a  vitamin-rich  one  supplemented  with  18 
grams  of  Vegex.  The  crystalline  vitamin  B!  (thiamin)  was  dis¬ 
continued.  Within  a  week  all  previously  noted  symptoms  had 
returned,  though  they  were  less  severe  than  formerly.  Continu¬ 
ing  on  the  same  diet  and  supplement,  she  was  given  10  milli¬ 
grams  of  crystalline  thiamin  intravenously  for  each  of  the  next 
two  days.  Within  twenty-four  hours  dramatic  improvement 
again  took  place.  There  had  been  no  return  of  symptoms  up 
to  the  time  of  the  paper’s  publication  eight  months  later.  The 
second  patient,  who  also  received  the  basal  diet  of  borderline 
adequacy  and,  in  addition,  18  grams  of  autoclaved  Vegex  for 
a  period  of  twenty-seven  days,  showed  progression  of  sensory 
abnormalities.  Beginning  on  the  twenty-eighth  day,  she  was 
given  10  milligrams  of  crystalline  vitamin  Bt  intravenously 
daily  for  fourteen  consecutive  days.  On  the  third  day,  sensory 
improvement  was  noted,  and  on  the  fourteenth  day  the  knee- 
jerks  had  returned.  At  that  time  she  was  placed  on  a  vitamin- 
rich  diet,  and  up  to  the  time  of  publication,  twenty  days  later 
there  had  been  no  recurrence  of  symptoms. 

More  recently,  Sciclounoff  and  Broccard  (21)  reported  rapid 
amelioration  of  symptoms  varying  from  simple  neuritic  pain 
with  paresthesia  to  classical  Korsakoff’s  syndrome  bv  treat¬ 
ment  with  vitamin  B!  (Hoffman-La  Roche)  administered  sub¬ 
cutaneously.  Improvement  in  single  cases  of  “alcoholic”  poly- 
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neuritis  following  the  use  of  vitamin  I^  has  been  reported  by 
other  workers  (Neumann  (22) ;  Russell  (23) ;  Desrochers  and 
Larue  (24)).  From  a  recent  study,  Goodhart  and  Jolliffe  (25) 
concluded  not  only  that  a  deficiency  of  vitamin  Bt  is  the  primary 
cause  of  polyneuritis  in  the  alcoholic  addict,  but  also  that  im¬ 
provement  in  the  objective  signs  in  such  cases  “varies  directly 
with  the  vitamin  B  intake  up  to  a  point  of  optimum  dosage 
which,  though  not  as  yet  determined,  is  definitely  more  than 
four  times  the  predicted  maintenance  requirement.”  They 
placed  seventeen  alcoholic  addicts  with  uncomplicated  mild 
polyneuritis  on  diets  containing  four  times  the  predicted  vi¬ 
tamin  B  requirement  of  a  subject  weighing  60  Kg.  Alternate 
subjects  of  this  group  were  then  given  10  milligrams  of  either 
natural  or  synthetic  crystalline  vitamin  Bx  each  day  for  ten 
days.  Without  exception,  all  patients  receiving  the  crystalline 
vitamin  Bx  showed  more  rapid  and  complete  improvement  than 
did  those  of  the  control  group.  No  difference  in  response  to  the 
administration  of  synthetic  and  natural  crystalline  thiamm  was 


noted.  j  ,i  j  <<  i 

It  is  certain,  from  the  studies  thus  far  reported,  that  al¬ 
coholic”  polyneuritis  is  at  least  partially  nutritional  in  origin 
and  that  rapid  improvement  can  be  brought  about  by  treatment 
with  high  vitamin  diets,  yeast,  liver  extract  and  vitamin  Bu 
administered  orally  or  parenterally.  Since,  until  recently,  re¬ 
covery  has  followed  the  administration  of  substances  which  con¬ 
tain  more  than  one  “accessory”  factor,  we  cannot  say  conclu- 
sively  that  vitamin  B,  is  the  sole  factor  involved  In  those 
instances  where  pure  vitamin  B,  has  been  given,  little  attempt 
has  been  made  to  make  certain  that  other  factors  which  were 
present  in  the  diets  administered  the  patients  did  not  play 
some  part  in  effecting  the  cure.  Until  this  is  done,  we  cannot 
say  with  definite  assurance  that  a  lack  of  vitamin  B,  is  the  sole 

CaUDiagnosis.h  Persons  who  regularly  drink  large  quantities  of 
alcoholic  beverages  and  who  either  actually  do  not  eat  a  good 
diet  reeularlv  or  if  they  do  eat  such  a  diet,  do  not  utilize  n 
because  of  vomiting,  diarrhea,  or  other  gastro-.n  estinal  da- 

r0rft%r^ 

£7a^  they 

fret*  boast.  1  5 

what  U  the  patient  has  an  opportunity^  bjrt  also 

of  Polyneuritis  are  indistinguishable  from 

those  of  the  neuritis  of  beriberi  (see  Chapter  II). 
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Treatment  and  prevention.  See  Chapter  VI  for  the  preven¬ 
tion  and  treatment  of  “alcoholic”  polyneuritis. 


Polyneuritis  of  Pregnancy 

The  occurrence  of  polyneuritis  in  pregnant  women  has  been 
mentioned  in  medical  literature  since  the  middle  of  the  nine¬ 
teenth  century,  but  only  recently,  through  our  increased  knowl¬ 
edge  of  the  underlying  etiological  factors,  has  treatment  ot  this 
condition  been  attended  with  prompt  and  satisfactory  results. 
General  reviews  of  the  polyneuritis  of  pregnancy  have  been  writ¬ 
ten  recently  by  Berkwitz  and  Lufkin  (26)  and  by  Plass  and 
Mengert  (27),  to  whose  writings  the  reader  is  referred  for  an 
account  of  the  earlier  literature  on  this  subject  and  details  of 
the  symptomatology  and  pathology  of  this  condition. 

Evidence  of  a  relationship  between  malnutrition  and  the 
development  of  polyneuritis  in  pregnant  women.  In  1889,  at  a 
time  when  the  majority  of  writers  favored  the  theory  that  the 
polyneuritis  of  pregnancy  results  from  the  presence  of  a  toxic 
substance,  Whitfield  (28)  reported  the  first  case  in  English  litera¬ 
ture  and  attributed  its  development  to  prolonged  and  excessive 
vomiting.  Extremely  interesting,  in  view  of  our  present  concept 
of  the  etiology  of  the  polyneuritis  of  pregnancy,  is  the  fact  that 
Tuilant  (29),  nearly  fifty  years  ago,  suggested  that  a  lack  of 
nourishment,  resulting  from  severe  vomiting,  was  responsible 
for  the  development  of  this  neuropathy.  Subsequent  writers 
(30,  31,  32,  33,  34,  35)  also  noted  the  frequent  association  of 
persistent  vomiting  and  the  polyneuritis  of  pregnancy.  It  was 
generally  believed,  however,  that  the  vomiting  was  indicative 
of  a  toxic  substance  which  caused  the  polyneuritis  as  well  as  the 
vomiting,  rather  than  that  the  vomiting  was  the  predisposing 
factor  responsible  for  the  development  of  the  polyneuritis.  In 
1924  Hofmann  (36)  stated  that  the  polyneuritis  occurring  in 
Chinese  women  during  pregnancy  and  the  puerperium  was  not 
a  new  disease  but  true  beriberi.  He  noted  that  beriberi  de¬ 
veloped  more  frequently  in  women  during  the  childbearing 
period  than  at  any  other  period,  and  that  childbearing  seemed 
to  make  beriberi  a  much  more  serious  disease. 

,  Ij1  Whitfield  s  belief  that  malnutrition  is  responsible  for 
the  development  of  the  polyneuritis  of  pregnancy  was  expressed 
anew  by  Wechsler  (37).  He  discussed  eight  cases  of  polyneuri- 

JiffprpHUf mg  °n<F  a®S0,cl^ted  Wlth1  Pregnancy.  All  eight  patients 
rp«+HpU  fr°m  f  f°°d  deficiency  due  either  to  voluntary  dietary 
tW  f^°HnH°rfi  S°me  gast;?-mtestinal  disorder.  His  conclusion 

nroLhlpd  deficieiic^  posslbly  a  deficiency  of  vitamins,  was  the 
probable  cause  of  the  polyneuritis  of  pregnancy  as  well  as  of 

er  types  of  polyneuritis,  was  strengthened  by  the  fact  that 
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some  of  the  patients  recovered  when  put  on  diets  rich  in  vita¬ 
mins.  In  the  same  year  Theobald  (38)  stated  that  it  was  “pos¬ 
sible  that  the  severe  neuritis  which  is  sometimes  associated  with 
pregnancy  in  this  country  [England]  may  be  a  form  of  beriberi.” 
Later,  this  author  recommended  that  all  women,  during  the 
latter  half  of  pregnancy,  should  be  assured  of  an  adequate  sup¬ 
ply  of  vitamins  A,  B,  C,  and  D. 

In  1933  Strauss  and  McDonald  (39)  reported  successful 
treatment  of  the  neuritis  of  pregnancy  by  the  administration  of 
diets  rich  in  vitamin  B.  They  suggested  that  since  “certain 
cases  of  macrocytic  (pernicious)  anemia  of  pregnancy  lack  not 
merely  a  dietary  factor  associated  with  vitamin  B2,  but  also  an 
unidentified  factor  like  the  one  absent  in  Addisonian  pernicious 
anemia  and  which  is  present  in  normal  gastric  juice,  it  is  possible 
that  a  similar  dual  mechanism  may  be  at  work  in  certain  cases 
of  polyneuritis  of  pregnancy.”  Because  of  this  possibility,  they 
recommended  the  use  of  liver  or  liver  extracts,  both  orally  and 
parenterally,  in  cases  not  responding  to  preparations  of  vita¬ 
mins  B,  and  B2.  The  authors  stated  that  all  pregnant  women 
with  severe  vomiting  should  be  given  vitamin  B  as  a  safeguard 
against  the  development  of  polyneuritis.  Strauss  and  McDonald 
based  their  belief  that  the  neuritis  of  pregnancy  is  a  deficiency 
disease  on  the  following  facts  and  observations:  “First,  and  of 
most  importance,  is  the  fact  that  severe  vomiting  almost  always 
occurs  recurrently  for  many  weeks  before  the  onset  of  poly¬ 
neuritis.  This,  of  course,  prevents  the  patient  from  ingesting 
and  absorbing  the  proper  food.  Secondly,  it  has  been  shown 
that  abnormalities  of  the  gastro-intestinal  tract  can  play  an 
important  role  in  the  causation  of  deficiency  diseases  and  in 
pregnancy  there  is  ordinarily  a  marked  decrease  of  gastric 
secretory  function.  Thirdly,  in  pregnancy  the  fetus  takes  all 
sorts  of  materials  from  the  maternal  organism,  no  matter  what 
depletion  may  result  to  the  mother.  Fourthly,  the  clinical  and 
pathologic  examination  in  polyneuritis  of  pregnancy  is  identical 
with  that  of  beriberi  and  ‘alcoholic’  polyneuritis  and  is  unlike 
the  more  strictly  motor  nerve  involvement  due  to  lead,  and 
triorthocresvl  phosphate  (jamaica  ginger)  polyneuritis 

At  about  the  same  time  Luikart  (40)  noted  the  close  relation¬ 
ship  between  the  clinical  symptoms  and  pathologic  findings^ 
the  polyneuritis  of  pregnancy  and  those  of  Korsakoff  s  syndrome 
and  Dointed  out  that  the  neuritis  associated  with  Korsako  s 
syndrome^  is  supposedly  due  to  the  constant ^  vomitmg  of  alcohol 
icm  and  ultimatelv  to  avitaminosis.  Postmortem  studies  on 
one’  case  of  polyneuritis  of  pregnancy  showed  f-atsimilaxiy 

between  pathologic  sections  of  the  "”in  berln  peUagra 
of  the  vomiting  of  pregnancy  and  th°^  ^.r‘t  reD0Prted  by 
and  scurvy.  Before  death  occurred,  the  patient  reporteu  oy 
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Luikart  showed  definite  remission  of  many  of  her  symptoms 
following  forced  feeding  of  vitamin  B  complex  for  twelve  hours. 

In  the  following  year  Fouts,  Gustafson,  and  Zerfas  (  ) 

also  demonstrated  the  therapeutic  value  of  the  vitamin  B  com¬ 
plex  in  the  polyneuritis  of  pregnancy  and  advised  the  paren¬ 
teral  administration  of  vitamin  B  to  all  cases  of  persistent 
vomiting  of  pregnancy.  They  concluded  that  the  polyneuritis 
is  not  the  result  of  a  toxemia  but  is  due  to  a  deficiency  in  the 
diet.  They  secured  the  most  outstanding  improvement  of  neu¬ 
rologic  symptoms  by  the  administration  of  large  doses  of  vitamin 
Bj  in  the  form  of  concentrated  extract  of  rice  polishings  (tiki- 
^lki  GxtrH/Ct ) 

These  findings  were  confirmed  in  1936  by  Theobald  (42), 
who  successfully  treated  five  cases  by  means  of  diet.  In  four 
of  them  the  cure  was  brought  about  solely  by  the  administration 
of  vitamin  Bj  concentrate.  He  concluded  that  the  neuritis  re¬ 
sulted  from  a  deficiency  of  vitamin  Bx  in  the  diet. 

As  the  result  of  studies  on  four  cases,  Bingham  (43)  in  1936 
concluded  that  “while  it  [the  polyneuritis  of  pregnancy]  is  due 
to  a  dietary  deficiency,  especially  a  lack  of  vitamin  B,  it  may 
also  be  caused  by  an  autointoxication  of  pregnancy.”  He  ad¬ 
vised  the  use  of  vitamin  B  as  a  preventive  of  polyneuritis  in  all 
cases  of  pregnancy  with  much  vomiting  or  malnutrition.  Ford 
(44)  likewise  believes  that  a  combination  of  vitamin  B  defi¬ 
ciency  and  toxemia  is  necessary  to  produce  this  clinical  entity.  He 
advocates,  in  the  absence  of  any  more  pronounced  indication, 
the  administration  of  vitamin  B  in  the  form  of  yeast  and  liver. 

In  1937  Forman  (45)  observed  practically  complete  recovery 
in  a  patient  following  dietary  treatment  and  the  administration 
of  dry  powdered  brewers’  yeast.  He  stated  that  although  the 
theory  of  vitamin  Bi  deficiency  as  the  etiological  agent  is  prob¬ 
ably  correct,  a  large  series  of  cases  from  a  great  many  clinics 
must  be  treated  before  the  theory  can  be  established  as  fact. 

Studies  with  crystalline  vitamin  Bt.  With  vitamin  Bj  ob¬ 
tainable  in  pure  crystalline  form,  the  question  of  whether  poly¬ 
neuritis  of  pregnancy,  like  that  of  beriberi,  results  solely  from 
a  deficiency  of  vitamin  B1  is  nearing  solution.  Encouraging  re¬ 
sults  have  already  been  secured  by  Vorhaus,  Williams,  and 
Waterman  (20),  Stahler  (46),  and  Gaehtgens  (47).  The  dis¬ 
ease  in  the  three  cases  studied  by  Vorhaus,  Williams,  and  Water¬ 
man  was  characterized  by  tenderness  and  weakness.  All  became 
symptom-free  following  the  oral  administration  of  10  milli¬ 
grams  of  crystalline  vitamin  B,  daily.  Stahler  reported  rapid  relief 
of  polyneuritis  following  intramuscular  injections  of  crystalline 
vitamin  Bt  in  doses  of  4  to  5  milligrams  daily.  Stahler  also 
ecommended  accessory  treatment  with  vitamins  A  and  D  and 
the  vitamin  B  complex,  although  he  found  that  when  these  sub 
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stances  were  administered  separately,  they  produced  no  effect 
on  the  polyneuritis.  Gaehtgens  reported  definite  improvement 
in  a  patient  following  daily  subcutaneous  injections  of  “Betaxin” 
(crystalline  vitamin  BO  for  eight  days.  The  author  recom¬ 
mended  treatment  of  this  nature  for  all  severe  cases. 

The  accumulated  evidence  compels  one  to  regard  peripheral 
neuritis  associated  with  pregnancy  as  being  at  least  partly  nu¬ 
tritional  in  origin.  Furthermore,  there  is  considerable  evidence 
that  a  deficiency  of  vitamin  Bj  is  at  least  part  of  the  nutritional 
lack  which  predisposes  to  the  development  of  peripheral  neu¬ 
ritis  in  pregnant  women. 

Diagnosis.  The  clinical  findings  in  cases  of  polyneuritis  of 
pregnancy  are  identical  with  those  of  the  polyneuritis  of  beri¬ 
beri.  Hence,  the  association  of  pregnancy  and  polyneuritis  in  a 
person  whose  diet  seems  inadequate  justifies  a  tentative  clinical 
diagnosis  of  the  polyneuritis  of  pregnancy. 

Prevention  and  treatment.  The  prevention  and  treatment  of 
the  polyneuritis  of  pregnancy  are  discussed  in  Chapter  VI. 


Korsakoff’s  Syndrome 

This  syndrome  was  first  described  in  1890  by  Korsakoff  (48) 
in  pointing  out  the  relationship  of  polyneuritis  and  psychosis 
to  the  vomiting  of  pregnancy.  At  the  present  time,  however,  the 
Korsakoff  syndrome  is  nearly  always  described  as  a  sequela  ot 
chronic  alcoholic  addiction.  Clinically,  it  is  usually  ushered  in 
by  delirium,  confabulation,  and  loss  of  memory  but  not  by  un¬ 
consciousness.  Polyneuritis  is  usually  associated  with  this  psy¬ 
chosis,  and  pellagra  and  other  dietary  deficiency  diseases  may  or 
may  not  be  present.  It  has  been  the  experience  of  the  authors 
that  patients  with  this  syndrome  who  eat  large  amounts  of  a 
well-balanced  diet  supplemented  with  yeast  or  liver  more  fre¬ 
quently  recover  than  do  those  who,  for  one  reason  or  another 
will  not  eat  such  diets.  There  is  no  conclusive  proof  at  the 
present  time  that  Korsakoff’s  syndrome  is  a  deficiency  disease 
or  that  a  lack  of  vitamin  B t  plays  a  significant  role  in  its  de¬ 
velopment  It  has  been  advocated  that  vltamin  B  concentrates 
In  1  crvstailine  vitamin  Bx  be  administered  both  orally  and  par- 
enterXln “he Severe  ca^es  (49),  but  there  is  need  for  critical 
clinical  studies  to  determine  if  vitamin  B,  is  of  specific  value. 


Pellagra 

The  pellagra  syndrome  conspicuously  affects  the  ali™ent*^ 
trflpt  and  the  dermal  and  nervous  systems  (50,  51,  52).  lne 

ssf*  •*sr«3«  ifssre 

order. ^They  "arise  mainly  from  cerebral  inyolvement,  combined 
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degeneration  of  the  spinal  cord,  and  peripheral  neuritis.  The 
mental  changes  may  be  clinically  identical  with  Korsakoff  s 
psychosis  or  may  manifest  themselves  as  periods  of  depression 
and  apprehension.  The  subacute  combined  degeneration  of  the 
spinal  cord  is  characterized  by  spasticity  and  ataxia  and  is  cim- 
ically  identical  with  the  combined  system  disease  associated 
with  pernicious  anemia.  The  peripheral  neuritis  is  clinically  in¬ 
distinguishable  from  the  polyneuritis  of  beriberi  and  chronic 


alcoholism.  .  , 

In  the  preceding  section  it  was  shown  that  vitamin  Hi  plays 
a  significant  role  in  the  development  of  “alcoholic  polyneuri¬ 
tis.  Many  of  the  alcoholic  addicts  with  polyneuritis  had  pel¬ 
lagra  as  well.  It  has  been  shown  recently  (10,  12)  that  “alco¬ 
holic”  polyneuritis  is  clinically  and  pathologically  identical  with 
the  polyneuritis  associated  with  endemic  pellagra  (pellagra  un¬ 
associated  with  alcoholism).  In  a  still  more  recent  study  (53) 
it  was  found  that  the  polyneuritis  of  thirty-one  cases  of  pel¬ 
lagra  unassociated  with  alcoholism  disappeared  following  treat¬ 
ment  with  a  well-balanced  diet  supplemented  with  large 
amounts  of  the  vitamin  B  complex.  It  thus  seemed  evident  that 
polyneuritis  associated  with  endemic  pellagra,  like  that  asso¬ 
ciated  with  chronic  alcoholism,  is  nutritional  in  origin.  By 
analogy  with  the  neuritis  associated  with  alcoholism  and  beri¬ 
beri,  it  seemed  possible  that  vitamin  Bx  might  play  an  important  *- 
part  in  the  etiology  of  the  polyneuritis  of  endemic  pellagra. 

Spies  and  Aring  (54)  have  shown  that  the  pain  and  numb¬ 
ness  associated  with  the  peripheral  neuritis  in  six  cases  of  pel¬ 
lagra  (two  “endemic”  and  four  “alcoholic”)  remitted  promptly 
following  treatment  with  crystalline  vitamin  B1  (Merck).  In  both 
of  the  “endemic”  cases  and  in  one  of  the  “alcoholic,”  nicotinic 
acid  produced  healing  of  the  mucous  membrane  lesions  within 
twenty-four  hours,  but  apparently  did  not  affect  the  pain  and 
numbness  from  the  peripheral  neuritis.  These  symptoms  sub¬ 
sided  rapidly,  however,  following  the  injection  of  50  milligrams 
of  vitamin  B!  on  two  successive  days.  These  findings  suggest 
that  vitamin  Bx  should  be  used  in  the  treatment  of  the  poly¬ 
neuritis  of  endemic  and  so-called  “alcoholic”  pellagra. 

Prevention  and  treatment.  For  prevention  and  treatment  of 
the  polyneuritis  of  pellagra,  see  Chapter  VI. 


Sprue 


Sprue  is  a  chronic,  wasting  disease  characterized  by  anemia 
?n  m»nv  and  stomatitis  Ashford  (55)  states  that  it  ij common 
in  many  tropical  countries  in  which  the  consumption  of  meat 

in7-Pn°d^tS>  and  green  fables  is  low,  and  that  it  affects 
especially  those  persons  commg  from  northern  latitudes  who 
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“cannot  eat  the  native  food.”  The  symptomatology  of  sprue 
resembles  that  of  pellagra  and  pernicious  anemia  more  than  that 
of  beriberi,  though  edema  of  the  feet  and  legs  is  not  uncommon 
and  in  a  small  percentage  of  cases  paresthesias  of  the  extremi¬ 
ties  are  present  (56,  57,  58,  59).  Symptoms  arising  from  spinal 
cord  lesions  are  unusual,  but  involvement  of  the  peripheral 
nerves  has  been  noted  frequently  (60,  61).  The  peripheral  neu¬ 
ritis  of  tropical  and  nontropical  sprue  is  clinically  indistinguish¬ 
able  from  that  of  beriberi,  pellagra,  or  pernicious  anemia.  It  is 
relieved,  like  the  other  symptoms  of  sprue,  by  the  administra¬ 
tion  of  an  adequate  diet  rich  in  protein  (62,  63,  64,  65,  66),  and 
by  injections  of  liver  extract  (61,  67).  These  observations  indi¬ 
cate  that  the  involvement  of  the  nervous  system  in  sprue  is 
nutritional  in  origin.  As  yet  there  is  no  report  in  the  literature 
as  to  whether  vitamin  Bt  plays  a  specfic  role  in  preventing  the 
development  of  these  neurological  changes. 


Pernicious  Anemia 

About  75  per  cent  of  all  cases  of  Addisonian  pernicious  ane¬ 
mia  have  involvement  of  the  nervous  system  (68,  69),  and  in  at 
least  25  per  cent  of  all  cases,  neural  or  mental  symptoms  are 
the  first  indications  of  the  disease.  The  symptoms  arising  from 
involvement  of  the  nervous  system  are  usually  characterized  by 
disorders  of  sensation  and  tingling  of  the  hands  and  feet  (70, 
71,  72).  About  10  per  cent  of  all  patients  haying  symptoms 
arising  from  the  nervous  system  have  degeneration  of  the  pos¬ 
terior  and  lateial  column,  characterized  by  spastic  ataxia,  in¬ 
creased  reflexes,  positive  Babinski  sign,  and  loss  of  vibration 
and  position  sense  (56).  The  peripheral  neuritis  in  patients 
with  pernicious  anemia  cannot  be  distinguished  pathologically 
(73)  from  the  peripheral  neuritis  associated  with  pellagra, 
chronic  alcoholism,  and  other  conditions  described  in  this 

^Ithas  been  shown  that  the  progression  of  the  spinal  cord  and 
peripheral  nerve  lesions  in  pernicious  anenua  can  be  averted  by 
the  administration  of  adequate  amounts  of  a  crude  intramuscu¬ 
lar  liver  extract  (69,  74,  75,  76).  Liver  extracts  administered  a 
few  years  ago  were  considerably  less  refined  than  some  that  are 
now  being Tspensed  (77),  and  it  may  be  that  the  more  refined 

concentrates  now  in  use  will  not  protect  ^al^nne.Vra VeT  f7w 
mpnt  This  point  should  be  determined  within  the  next  lew 

years  In  general,  it  is  believed  that  the  more  crude  the  liver 
Extract  the  greater  is  the  content  of  vitamin  Bx.  In  1932  Fouts, 

SU.il  k? asr. A 
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injections  of  a  concentrated  extract  of  vitamin  B.  However 
there  have  been  a  few  cases  reported  in  which  the  neurological 
lesions  are  said  to  have  been  cured  by  means  of  vitamin  Hi  (7y> 
80),  but  these  cases  were  uncontrolled,  few  in  number,  and  do 
not  constitute  significant  evidence.  At  the  present  time  the 
physician  will  do  well  to  use  the  forms  of  liver  extract  of  proved 
effectiveness  in  the  treatment  of  spinal  cord  lesions.  Vitamin  Bj 
preparations  are,  of  course,  theoretically  valuable  accessories  and 
their  use  should  not  be  denied. 

Colitis 

For  some  time  it  has  been  recognized  that  intestinal  dys¬ 
function  is  often  associated  with  malnutrition  and  deficiency 
diseases  (81,  82,  83).  Mackie  and  Pound  (84)  have  reported 
that  63  per  cent  of  seventy-five  cases  of  ulcerative  colitis  showed 
objective  evidence  of  some  deficiency  disease.  Marks  (85)  has 
been  able  to  relieve  some  of  the  complaints  associated  with  coli¬ 
tis  by  means  of  wheat  germ.  Brown  (86)  has  reported  beneficial 
results  following  the  administration  of  large  amounts  of  crys¬ 
talline  vitamin  Bx  to  cases  of  ulcerative  colitis.  The  peripheral 
neuritis  associated  with  colitis  is  clinically  the  same  as  that  as¬ 
sociated  with  other  conditions  described  in  this  chapter.  On 
theoretical  grounds  it  seems  likely  that  a  lack  of  vitamin  Bx 
plays  a  definite  role  in  the  development  of  this  neuritis,  but  no 
conclusive  publications  on  this  subject  have  as  yet  appeared. 


Diabetes 

Attempts  to  explain  the  high  incidence  of  neurological  lesions 
in  diabetes  began  with  the  original  concept,  suggested  by  Ber¬ 
nard’s  work,  that  the  nervous  lesions  were  the  cause  rather  than 
the  resuit  of  disturbed  sugar  metabolism.  Marshall  de  Calvi  in 
1864,  first  expressed  doubt  of  the  validity  of  this  concept,  and 
smce  his  time  many  theories  have  been  advanced  only  to  be  dis¬ 
carded  subsequently.  By  the  end  of  the  first  decade  of  the  in¬ 
sulin  era,  arteriosclerosis  and  vitamin  deficiency  were  believed 
by  most  writers  to  rank  high  among  the  etiological  agents  re¬ 
sponsible  for  the  neurological  lesions.  Angle  (87)  in  1928  re¬ 
ported  a  case  of  ‘‘diabetic  tabes”  which  improved  on  a  diet  rich 
m  vitamins.  In  the  following  year  Minot  (4)  described  two  dia 

Smce  the  polyneuritis  of  diabetes  and  of  beriberi  may  give 
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rise  to  similar  or  identical  symptoms,  it  was  natural  that  crys¬ 
talline  vitamin  Bx  should  be  given  to  patients  with  diabetic 
neuritis.  Published  reports  to  date  are  surprisingly  few,  and 
though  suggestive,  they  are  far  from  conclusive.  Vorhaus,  Wil¬ 
liams,  and  Waterman  (20)  included  diabetic  neuritis  in  a  group 
of  metabolic  neuritides  which  improved  following  crystalline 
vitamin  Bx  therapy.  (See  section  on  carbohydrate  metabolism.) 
Likewise,  Sciclounoff  and  Broccard  (21),  in  1936,  described  ex¬ 
cellent  results  in  five  out  of  six  cases  of  diabetic  neuritis  treated 
with  parenteral  crystalline  vitamin  B!  preparations.  Their  case 
reports  said  little  about  concurrent  diabetic  control.  One  can 
feel  confident  that  vitamin  Bi  deficiency  does  occur  in  certain 
diabetics,  but  what  percentage  of  the  cases  of  neuritis  in  dia¬ 
betics  have  vitamin  Bx  deficiency  cannot  be  estimated  with  any 
degree  of  assurance.  Nor  can  we  state  whether  or  not  local 
ischemia  resulting  from  sclerosis  of  the  vessels  might  predispose 


to  some  of  the  manifestations. 

Studies  of  the  lesions  show  extensive  myelin  degeneration 
in  the  peripheral  nerves  and  their  tracts,  but  the  relation  of  this 
degeneration  to  the  neuritic  symptoms  has  not  been  elucidated. 
Neurological  damage  in  the  diabetic  is  suspected  or  diagnosed 
because  of  pain,  paresthesias,  or  altered  reflexes  which  often  are 
associated  with  hyperesthesia,  anesthesia,  proprioceptive  dis¬ 
turbances,  sphincter  impairment,  abnormal  pupillary  responses, 
or  ataxia.  The  problems  involved  in  any  clinical  classification 
have  been  emphasized  by  Jordan  (89)  in  his  comprehensive  re¬ 
view  When  a  diabetic  presents  symptoms  or  signs  suggestive  ol 
neurological  change,  other  conditions  producing  similar  mani¬ 
festations  must  be  controlled  before  we  can  evaluate  the  find¬ 
ings  At  the  present  time  it  seems  that  the  prophylaxis  against 
neuritis  in  diabetic  patients,  in  addition  to  painstaking  control 
of  the  diabetes,  requires  prescriptions  of  diet  adequate  in  the 
antineuritic  vitamin.  Sindoni  (90)  has  shown  that  several  typi¬ 
cal  diabetic  diets  are  actually  deficient  in  this  vitamin.  The 
diets  used  in  the  clinical  management  of  diabetics  in  many  hos¬ 
pitals  are  on  the  borderline  of  normal  requirements  and  would 
be  inadequate  in  the  event  of  any  additional  requirement 

Since  diabetes  and  vitamin  Bx  deficiency  are  common,  the 
two  will  sometimes  occur  by  coincidence  in  the  sa^  Pers^' 
At  the  present  time,  information  is  inadequate  to  state  that 
mfliorftv  of  cases  of  diabetic  neuritis  are  caused  by  an  in- 
Idequa  e  a^ount  of  vitemin  B,  The  following  theoretical  con- 

XxT  and  XXVI).  2.  The  similarity  of  the  clinical  and  neuro 
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pathologic  pictures  between  diabetic  neuritis  and  the  neuritis 
associated  with  other  diseases  which  are  known  to  be  due  to  a 
lack  of  vitamin  B,.  3.  The  realization  that  many  diabetics  sub- 

sist  on  diets  which  are  low  in  vitamins.  #  ( 

Prevention  and  treatment.  The  prevention  and  treatment  ot 

diabetic  neuritis  are  discussed  in  Chapter  VI. 


Tuberculosis 

In  descriptions  of  tuberculosis  (91),  one  occasionally  sees  a 
general  statement  to  the  effect  that  peripheral  neuritis  occurs 
in  the  late  stages  of  this  disease.  Some  investigators  (3,  7,  92, 
93)  have  suggested  that  the  neuritis  is  associated  with  the  ac¬ 
companying  emaciation.  Schiro,  Aring,  and  Spies  (94)  showed 
that  the  clinical  and  pathological  manifestations  of  neuritis  in 
three  persons  with  tuberculosis  were  identical  with  those  of  the 
peripheral  neuritis  associated  with  the  other  diseases  referred 
to  in  this  chapter.  The  neuritis  in  these  three  patients  de¬ 
veloped  while  the  patients  were  in  the  hospital  and  disappeared 
following  the  administration  of  large  amounts  of  yeast  and  a 
well-balanced  diet.  These  studies  suggest  that  dietary  deficiency 
played  a  definite  role  in  the  development  of  the  polyneuritis. 


Porphyrinuria 

It  has  been  observed  for  some  time  that  increased  quantities 
of  porphyrin  may  be  excreted  in  the  urine  in  febrile  conditions, 
liver  diseases,  anemia,  and  in  poisoning  by  sulphonal,  veronal, 
trional,  lysol,  chloroform,  salvarsan,  zinc,  acetanilid,  tin,  and  lead 
(95,  96,  97,  98).  Some  writers  (99,  100)  regard  this  finding  as  a 
simple  increase  in  the  amount  of  normal  porphyrin  excretion  re¬ 
sulting  from  the  underlying  disturbances  in  metabolism.  In  re¬ 
cent  years  it  has  been  shown  (101,  102,  103)  that  a  number  of 
the  metabolic  and  deficiency  diseases  which  are  accompanied  by 
peripheral  neuritis  also  are  associated  with  porphyrinuria.  It 
seems  likely  that  porphyrinuria  occurs  as  a  physiological  process 
and  that  the  amount  excreted  may  be  increased  in  certain  dis¬ 
eases  and  intoxications.  Very  rarely  porphyrinuria  may  be  the 
chief  symptom  of  a  characteristic  clinical  syndrome  of  unknown 
etiology.  When  this  disease  affects  the  nervous  system,  the  first 
symptom  is  severe  and  constant  pain  in  the  extremities.  This 
is  usuaHy  accompanied  by  muscular  weakness  and  paralysis  of 
t  e  lower  motor  neuron  type.  Pathological  examination  shows 
widespread  degeneration  of  the  myelin  sheaths  in  the  peripheral 
nerves  and  spinal  cord  (95).  At  present  there  is  little  in  forma 
ion  as  to  whether  vitamin  Bx  bears  a  relationship  to  anv  of 
the  neuntides  associated  with  porphyrinuria.  P  any  0t 
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Senility 

Senility  is  frequently  associated  with  a  change  in  dietary 
habits,  decreased  appetite,  loss  of  teeth,  and  sclerosis  of  the  ar¬ 
teries.  Elderly  persons  with  cachexia  frequently  have  tender 
feet  and  at  times  have  easily  demonstrable  peripheral  neuritis. 
This  peripheral  neuritis  is  similar  clinically  to  the  peripheral 
neuritis  of  beriberi.  It  is  possible  that  the  peripheral  neuritis  as¬ 
sociated  with  senility  and  cachexia  may  be  due  to  a  deficiency 
of  some  nutritional  factor  such  as  vitamin 

Tumors  and  Cirrhosis  of  the  Liver 

Tumors  and  cirrhosis  of  the  liver  in  the  later  stages  char¬ 
acteristically  produce  cachexia.  The  cancerous  or  cirrhotic  proc¬ 
ess  may  interfere  directly  with  the  appetite  or  may  interfere 
with  digestion  and  assimilation.  Not  infrequently,  persons  with 
cachexia  associated  with  malignant  tumors  or  with  cirrhosis  have 
peripheral  neuritis,  and  this  type  of  neuritis  may  be  caused  by 
inadequate  nutrition.  Heiman  (104)  is  of  the  opinion  that  vita¬ 
min  B]  may  play  some  part  in  the  development  of  this  neuritis. 
Patek  (105)  has  shown  that  certain  persons  with  cirrhosis  are 
benefited  following  the  administration  of  the  vitamins. 


BIBLIOGRAPHY 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 


Lettsom,  J.  C.:  Some  Remarks  on  the  Effects  of  Lignum  Quassiae 
Amarae.  Mem.  M.  Soc.  London  1,  128,  1779—1787. 

Jackson,  J.:  On  a  Peculiar  Disease  Resulting  from  the  Use  of 
Ardent  Spirits.  New  England  J.  Med.  and  Surg.  11,  351,  1822. 
Shattuck,  G.  C.:  The  Relation  of  Beri-beri  to  Polyneuritis  from 
Other  Causes.  Am.  J.  Trop.  Med.  8,  539,  1928. 

Minot,  G.  R.:  Some  Fundamental  Clinical  Aspects  of  Deficiencies. 

Ann.  Internal  Med.  3,  216,  1929. 

Minot  G  R.:  The  Treatment  of  Anemia,  with  Comments  on 
Food  Deficiency  and  Its  Relation  to  the  Nervous  System.  Tr.  A. 


eurol.  A.,  p.  329,  1931.  .  , 

eyeb,  A.:  Ueber  das  Vorkommen  von  B-Avitaminose  unter  den 

esigen  Lebensbedingungen.  Schweiz,  med.  VVochschr.  62, 


echsler,  I.  8.:  Etiology  of  Polyneuritis.  Arch.  Neurol.  4 

iNaM^R  8  Strauss,  M.  B„  and  Cobb,  S,  “Alcoholic”  Poly- 
uritis;  Dietary  Deficiency  as  a  Factor  in  Its  Production.  New 
igland  J.  Med.  208,  1244,  1933. 


THIAMIN  AND  VARIOUS  NEURITES 


9.  Bloomfield,  A.  L.,  and  Polland,  W.  S.:  Gastric  Anacidity:  Its 
Relation  to  Disease.  The  Macmillan  Co.,  New  York,  1933.  _ 

10.  Spies,  T.  D.,  and  DeWolf,  H.  F.:  Observations  on  the  Etiological 
Relationship  of  Severe  Alcoholism  to  Pellagra.  Am.  J.  Med.  Sci. 
186,  521,  1933. 

11.  Strauss,  M.  B.:  The  Etiology  of  “Alcoholic”  Polyneuritis.  Am. 
J.  Med.  Sc.  189,  378,  1935. 

12.  Blankenhorn,  M.  A.,  and  Spies,  T.  D.:  Prevention,  Treatment 
and  Possible  Nature  of  the  Peripheral  Neuritis  Associated  with 
Pellagra  and  Chronic  Alcoholism.  Tr.  Assoc.  Am.  Physicians 
50,  164,  1935. 

13.  Cowgill,  G.  R.:  The  Vitamin  B  Requirement  of  Man.  Yale  Uni¬ 
versity  Press,  New  Haven,  1934. 

14.  Jolliffe,  N.,  Colbert,  C.  N.,  and  Joffe,  P.  M.:  Observations  on 
the  Etiologic  Relationship  of  Vitamin  B  (Bj)  to  Polyneuritis  in 
the  Alcohol  Addict.  Am.  J.  Med.  Sc.  191,  515,  1936. 

15.  Jolliffe,  N.,  and  Colbert,  C.  N.:  The  Etiology  of  Polyneuritis  in 
the  Alcohol  Addict.  J.A.M.A.  107,  642,  1936. 

16.  Jolliffe,  N.,  and  Goodhart,  R.:  Beriberi  in  Alcoholic  Addicts. 
(In  press.) 

17.  Romano,  J.:  Deficiency  Syndromes  Associated  with  Chronic  Al¬ 
coholism.  A  Clinical  Study.  Am.  J.  Med.  Sci.  194,  645,  1937. 

18.  Williams,  R.  R.,  Waterman,  R.  E.,  and  Keresztesy,  J.  C.:  Larger 
Yields  of  Crystalline  Antineuritic  Vitamin.  J.  Am.  Chem.  Soc. 
56,  1187,  1934. 

19.  Williams,  R.  R.,  and  Cline,  J.  K.:  Synthesis  of  Vitamin  Br 
J.  Am.  Chem.  Soc.  58,  1504,  1936. 

20.  Vorhaus,  M.  G.,  Williams,  R.  R.,  and  Waterman,  R.  E.:  Studies 
on  Crystalline  Vitamin  Bv  Experimental  and  Clinical  Observa¬ 
tions.  J.A.M.A.  105,  1580,  1935. 

21.  Sciclounoff,  F.,  and  Broccard,  R.:  La  Vitamine  Bj  dans  le 
Traitement  des  Polynevrites.  Schweiz,  med.  Wochschr  66  985 
1936. 


22 


23. 


Neumann,  H.:  Erfahrungen  mit  Betaxin  (Vitamin  Bx-Praparat) 
in  der  Neurologie.  Munch,  med.  Wochschr.  82,  1959,  1935. 
Russell,  W.  R.:  The  Parenteral  Administration  of  Vitamin  B, 
m  the  Treatment  of  Polyneuritis  and  Other  Conditions  Edin¬ 
burgh  M.  J.  43,  315,  1936. 

24.  Desrochers  G.  and  Larue,  G.  H.:  Acquisitions  Recentes  sur  le 

Traitement  des  Polynevrites  Alcooliques;  Presentation  d’un  Cas 
Laval,  med.  2,  81,  1937. 

25.  Goodhart,  R  and  Jolliffe,  N.:  Effects  of  Vitamin  B  (B,) 
414  mV"  *  P°lyneuritis  of  Alcoho1  Addicts.  J.A.M.A.  110, 

26'  naEncKvWAZ’rJint’  anf,  L.UFK™’ N.  H.:  Toxic  Neuronitis  of  Preg- 
54,  743^932  gl°  Rep0rt  Surg-  Gynec-’  and  Obst. 


^LOGICAL 


52 


VITAMIN  Bt  IN  MEDICINE 


27.  Plass,  E.  D.,  and  Mengert,  W.  F.:  Gestational  Polyneuritis. 
J.A.M.A.  101,  2020,  1933. 

28.  Whitfield,  D.  W.;  Peripheral  Neuritis  Due  to  the  Vomiting  of 
Pregnancy.  Lancet,  I,  627,  1889. 

29.  Tuilant,  A.:  De  la  Nevrite  Puerperale.  Paris,  1891.  Quoted  from 
Berkwitz  and  Lufkin  (26). 

30.  Hoesslin,  R.:  Die  Schwangerschaftslaehmungen  der  Muetter. 
Arch.  f.  Psychiat.  38,  730,  1903;  40,  445,  1905. 

31.  Albeck- Aarhus:  Cber  Polyneuritis  gravidarum.  Arch.  f.  Gynak. 
117,  41,  1922. 

32.  Ely,  F.  A.:  Memory  Defect  of  Korsakoff’s  Type,  Observed  in 
Multiple  Neuritis  Following  Toxemia  of  Pregnancy.  J.  Nerv. 
&  Ment.  Dis.  56,  115,  1922. 

33.  Weill-Halle,  B.,  and  Layani,  F.:  Polynevrite  et  Syndrome  de 
Korsakoff  au  Cours  de  la  Gestation.  Bull,  et  mem.  Soc.  med.  d. 
hop.  de  Paris  51,  145,  1927. 

34.  Ledoux,  E. :  Polynevrite  Gravidique  avec  Syndrome  de  Korsakow. 
Presse  Med.  37,  516,  1929. 

35.  Dupouy,  R.,  and  Courtois,  A.:  Des  Psychoses,  Gravidiques  et  en 
Particulier  de  la  Psychopolynevrite.  Syndrome  de  Korsakoff. 
Encephale  25,  284,  1930. 

36.  Hofmann,  J.:  Beriberi  in  Chinese  Women  and  Its  Relation  to 
Childbearing.  The  China  Med.  J.  38,  987,  1924. 

37.  Wechsler,  I.  S.:  Unrecognized  Cases  of  Deficiency  Polyneuritis 
(Avitaminosis?).  Preliminary  Report.  Med.  J.  and  Rec.  131, 
441,  1930. 

38.  Theobald,  G.  W.:  The  Causation  of  Eclampsia;  Observations  and 
Experiments.  Lancet  I,  1115,  1930. 

39.  Strauss,  M.  B.,  and  McDonald,  W.  J.:  Polyneuritis  of  Pregnancy ; 
A  Dietary  Deficiency  Disorder.  J.A.M.A.  100,  1320,  1933. 

40.  Luikart,  R.  R.:  Avitaminosis  as  a  Likely  Etiologic  Factor  in 
Polyneuronitis  Complicating  Pregnancy,  with  Report  of  a  Case. 
Am.  J.  Obst.  and  Gynec.  25,  810,  1933. 

41.  Fouts,  P.  J.,  Gustafson,  G.  W.,  and  Zerfas,  L.  G.:  Successful 
Treatment  of  a  Case  of  Polyneuritis  of  Pregnancy.  Am.  J.  Obst. 

and  Gynec.  28, 902,  1934.  „  , 

42.  Theobald,  G.  W.:  Neuritis  in  Pregnancy  Successfully  Treated 

with  Vitamin  Br  Lancet,  I,  834,  1936. 

43.  Bingham,  A.  W.:  Polyneuritis  of  Pregnancy:  A  Report  of  *our 
Cases.  Am.  J.  Obst.  and  Gynec.  32,  144,  1936. 

44.  Ford,  R.  K.:  Polyneuritis  of  Pregnancy.  J.  Obst.  and  Gynec., 


45  G  W.:  Polvneuritis  of  Pregnancy:  Treatment  with 


Brit.  Emp.  J+2,  641,  1935. 


46. 

Munch,  med.  Wochschr.  84,  327,  1937. 


THIAMIN  AND  VARIOUS  NEURITES  53 


47.  Gaehtgens,  G.:  Ueber  die  Traumatisch  Bedingte  Wochenbettneu- 
ritis.  Miinch.  med.  Wochschr.  88,  720,  1936. 

48.  Korsakoff,  S.:  Eine  psychische  Storung  combinirt  mit  multipler 
Neuritis  (Psychosis  Polyneuritica  seu  Cerebropathia  Psychica 
Toxaemica).  Allg.  Ztschr.  f.  Psychiat.,  Berlin,  1+6,  475,  1889-90. 

49.  Weiss,  S.:  Cecil’s  Textbook  of  Medicine,  4th  Ed.  W.  B.  Saunders 
Co.,  Philadelphia.,  1937. 

50.  Sebrell,  W.  H.:  Pellagra.  Tice’s  Practice  of  Medicine.  W.  F. 
Prior  Company,  Hagerstown,  Maryland.  9,  205,  1933. 

51.  Taylor,  F.  R.:  Pellagra.  Oxford  Medicine  1+,  307,  1929. 

52.  Spies,  T.  D.:  Pellagra.  Cecil’s  Textbook  of  Medicine,  4th  Ed. 
W.  B.  Saunders  Co.,  Philadelphia,  1937. 

53.  Spies,  T.  D.,  Chinn,  A.  B.,  and  McLester,  J.  B.:  Severe  Endemic 
Pellagra.  A  Clinical  Study  of  Fifty  Cases  with  Special  Emphasis 
on  Therapy.  J.A.M.A.  108,  853,  1937. 

54.  Spies,  T.  D.,  and  Aring,  Charles:  The  Effect  of  Vitamin  Bx  on 
the  Peripheral  Neuritis  of  Pellagra,  J.A.M.A.  110,  1081,  1938. 

55.  Ashford,  B.  K.:  Sprue.  Ann.  Clin.  Med.  1+,  13,  1925. 

56.  Castle,  W.  R.,  and  Minot,  G.  R.:  Pathological  Physiology  and 
Clinical  Description  of  the  Anemias.  Oxford  University  Press, 
New  York,  1936. 

57.  Reed,  A.  C.:  Sprue.  A  Clinical  Summary.  Am.  J.  Trop.  Med.  16, 
499,  1936. 


58.  McLester,  J.  S.:  Clinical  Syndromes  That  Include  Achlorhydria 
J.A.M.A.  95,  719,  1930. 

59.  Castle,  W.  B.,  and  Rhoads,  C.  P.:  Observations  on  the  Etiology 
and  Treatment  of  Sprue  in  Puerto  Rico.  Trans.  Assn.  Am  Physi¬ 
cians  1+7,  245,  1932. 

60.  Hanes,  F.  M.:  Personal  communication. 

61.  Fairley,  N.  H.:  Personal  communication. 

62.  Mackie,  F.  P.,  and  Fairley,  N.  H.:  Sprue:  Its  Applied  Pathology, 

Biochemistry  and  Treatment.  Proc.  Roy.  Soc.  Trop.  Med.  and 
Hyg.  21+,  131,  1930.  H 

63‘  T-:  Non-tr°Pical  Med.  Clinics  N.  Amer.  17 

lb5,  1933.  ’ 


64  LAanTeEM.^98H1936nteStinal  Absorption  in  the  Steatorrhoea.. 

65'  5T«F'  f"  nprue-  Cecil’s  Textb°°k  Of  Medicine,  4th  Ed 
W.  B.  Saunders  Company,  Philadelphia.,  1937 

66.  Musser,  J.  H.:  Sprue.  Internal  Medicine;  Its  Theory  and  Prac- 
tice.  Lea  and  Febiger,  Philadelphia,  1932. 

67.  Rhoads,  C.  P.,  and  Miller,  D.  K.;  Intensive  Liver  Extract 
Therapy  of  Sprue.  J.A.M.A.  103,  387,  1934 


54 

69. 


VITAMIN  Bt  IN  MEDICINE 


70. 


71 


72. 


73. 


74 


Baker,  B.  M.,  Jr.,  Bordley,  J.,  Ill,  and  Longcope,  W.  T.:  The 
Effect  of  Liver  Therapy  on  the  Neurologic  Manifestations  of  Per¬ 
nicious  Anemia.  Am.  J.  Med.  Sci.  184,  1,  1932. 

Lurie,  L.  A.:  Pernicious  Anemia  with  Mental  Symptoms:  Ob¬ 
servations  on  Varying  Extent  and  Probable  Duration  of  Central 
Nervous  System  Lesions  in  Four  Necropsied  Cases.  Arch.  Neurol, 
and  Psychiat.  2,  67,  1919. 

McAlpine,  D.:  A  Review  of  the  Nervous  and  Mental  Aspects  of 
Pernicious  Anaemia.  Lancet,  II,  643,  1929. 

Greenfield,  J.  G.,  and  O’Flynn,  E.:  Subacute  Combined  Degen¬ 
eration  and  Pernicious  Anaemia.  Lancet,  II,  62,  1933. 
Greenfield,  J.  G.,  and  Carmichael,  E.  A.:  The  Peripheral  Nerves 
in  Cases  of  Subacute  Combined  Degeneration  of  the  Cord.  Brain 
58,  483,  1935. 

Strauss,  M.  B.,  Solomon,  P.,  Schneider,  A.  J.,  and  Patek, 
A.  J.,  Jr.:  Subacute  Combined  Degeneration  of  the  Spinal  Cord 
in  Pernicious  Anemia:  The  Complete  Arrest  of  the  Lesion  with 
Parenteral  Liver  Therapy.  J.A.M.A.  104,  1587,  1935. 

Ungley,  C.  C.,  and  Suzman,  H.  M.:  Subacute  Combined  Degen¬ 
eration  of  the  Cord:  Symptomatology  and  Effects  of  Liver  Ther¬ 
apy.  Brain  52,  271,  1929. 

76.  Goldhamer,  S.  M.,  Bethell,  F.  H.,  Isaacs,  R.,  and  Sturgis,  C.  C.: 
The  Occurrence  and  Treatment  of  Neurologic  Changes  in  Per¬ 
nicious  Anemia.  J.A.M.A.  103,  1663,  1934. 

77.  Minot,  G.  R.,  and  Castle,  W.  B.:  Year  Book  of  General  Medi¬ 
cine,  p.  352,  1937. 

78.  Fouts,  P.  J.,  Kempf,  G.  F.,  Greene,  J.  A.,  and  Zerfas,  L.  G.: 
Vitamin  B  Intravenously  for  the  Treatment  of  Neurological 
Changes  in  Pernicious  Anemia.  J.  Indiana  State  Med.  Assn. 
25,  448,  1932. 

79.  Lasch,  F.:  Ein  Erfolgreich  mit  Vitamin  Bt  Behandelter  Fall  von 
Schwerer  Funikularer  Myelose.  Munch,  med.  Wochschr.  83, 

Bergel,  A.:  Ein  Behandlungserfolg  bei  Funikularer  Myelose 
mittels  Vitamin  B,  (Betabion).  Deut.  med.  Wochschr.  62,  1643, 


75. 


80. 


81. 


82. 


M?llbb,  D.  K„  and  Rhoads,  C.  P.:  The  Effect  of  Liver  Extract 
on  the  Small  Intestine  of  Patients  with  Sprue.  Am.  J.  Med.  Sci. 

Strauss,'  RIB.:  The  Role  of  «>e  OMtr°-int«Un*l  Tract  in  Con¬ 
ditioning  Deficiency  Disease.  J.A.M.A.  10S,  1,  1934. 

81  Eustebman  G.  B„  and  O’Leaby,  P.  A.:  Pellagra  Secondary  to 
Benign  and  Carcinomatous  Lesions  and  Dysfunction  of  e 
Gastro-Intestinal  Tract:  Report  of  Thirteen  Cases.  Arch.  Internal 

84.  Mackie"  T\  T.|  and  Pound,  R.  E.:  Changes  in  the  Gastrointesti¬ 
nal  Tract  in  Deficiency  States,  with  Special  Re  erence 


THIAMIN  AND  VARIOUS  NEURITES  55 


Small  Intestine:  A  Roentgenologic  and  Clinical  Study  of  Forty 
Cases.  J.A.M.A.  104,  613,  1935. 

85.  Marks,  H.  E.:  Chronic  Vitamin  B  Deficiency:  A  Clinical  Study. 
M.  J.  and  Rec.  135,  231,  1932. 

86.  Brown  (1936).  Cited  by  Stepp,  Kiihnau,  and  Schroeder.  Die 
Vitamine.  Ferdinand  Enke.  1937. 

87.  Angle,  F.  E.:  Tabes  Diabetica;  Report  of  a  Case.  U.  S.  Nav. 
Med.  Bull.  26,  81,  1928. 

88.  Root,  H.  F.,  and  Rogers,  M.  H.:  Diabetic  Neuritis  with  Paral¬ 
ysis.  New  England  J.  Med.  202,  1049,  1930. 

89.  Jordan,  W.  R.:  Neuritic  Manifestations  in  Diabetes  Mellitus. 
Arch.  Int.  Med.  57,  307,  1936. 

90.  Sindoni,  A.,  Jr.:  Vitamin  Deficiency  in  Prescription  Diets  of 
Diabetics:  Study  into  Relationship  of  Diet  Deficiency  to 
Symptomatology  as  Observed  in  85  Diabetics  with  Previous 
Dietarv  Treatment.  Am.  J.  Digest.  Dis.  &  Nutrition  3,  759, 
1936. 


91.  Landis,  H.  R.  M.:  Tuberculosis.  Oxford  Medicine  5,  259. 

92.  Cobb,  Stanley:  A  Preface  to  Nervous  Disease.  William  Wood 
and  Company,  Baltimore,  1937. 

93.  Hasselbach,  F.:  Polyneuritiden  bei  Lungen-  und  Dermtuber- 
kulose,  ihre  Beziehung  zur  Bj-Mangelkrankheit  und  zur  Frage 
der  Polyavitaminosen.  Deut.  med.  Wochschr.  63,  1150,  1937. 

94.  Schiro,  H.,  Aring,  C.,  and  Spies,  T.  D.:  Unpublished  observa¬ 
tions. 


95.  Mason,  V.  R.,  Courville,  C.,  and  Ziskind,  E.:  The  Porphyrins 
in  Human  Disease.  Medicine  12,  335,  1933. 

96.  Watson,  C.  J.:  Concerning  the  Naturally  Occurring  Porphyrins. 
IV.  The  Urinary  Porphyrins  in  Lead  Poisoning  as  Contrasted 
with  That  Excreted  Normally  and  in  Other  Diseases.  J  Clin 
Invest.  15,  327,  1936. 

97.  Dobriner,  K.:  Urinary  Porphyrins  in  Disease.  J.  Biol  Chem 
113,  1,  1936. 

98.  Watson,  C.  J.:  Concerning  the  Naturally  Occurring  Porphyrins 
L  The  Isolation  of  Coproporphyrin  I  from  the  Urine  in  a  Case  of 
Cinchophen  Cirrhosis.  J.  Clin.  Invest.  14,  106,  1935. 

"*  G™,  H.:  Hamatoporphyrie.  Deut.  Arch.’f.  klin.  Med.  105, 


100. 


101. 


102. 


103. 


Garrod,  A  E  :  Inborn  Errors  of  Metabolism.  Henry  Frowde 
London,  p.  136,  1923.  y  e' 

Beckh  W,  Ellinger,  P.,  and  Spies,  T.  D.:  Porphyrinuria  in  Pel¬ 
lagra.  Quart.  J.  Med.  6,  305,  1937.  P“ynnuna  m  Pel- 

Watson  0.  J.:  Concerning  the  Naturally  Occurring  Porphyrins 
V.  Porphyrins  of  the  Feces.  J.  Clin.  Invest.  16,  383,  1937  Y 

B'Ut-  Blatt  u-  Gallenfarbstoff.  Oppenheimer-s 
andb.  der  Biochem.  des  Menschen  u.  der  Tiere.  Zweite  Auflaee 
Erganzungsband,  G.  Fischer,  Jena,  p.  72,  1930  ^  1 


56  VITAMIN  Bx  IN  MEDICINE 

104.  Heiman,  M.:  Zur  Vitaminbehandlung  der  Nervenkrankheiten ; 
Klinik  und  Therapie  des  Vitamin  Br  Klin.  Wochschr.  16,  1076, 
1937. 

105.  Patek,  A.  J.:  Treatment  of  Alcoholic  Cirrhosis  of  the  Liver  with 
High  Vitamin  Therapy.  Proc.  Soc.  Exper.  Biol,  and  Med.  37, 
329,  1937. 


CHAPTER  IV 


PATHOLOGY  AND  PATHOLOGICAL  PHYSIOLOGY  OF 
VITAMIN  Bj  DEFICIENCY  IN  ANIMALS 
AND  HUMAN  BEINGS 

Pathology  of  Vitamin  Bx  Deficiency  in  Animals 

The  majority  of  investigators  regard  experimental  vitamin 
Ba  deficiency  as  a  disease  analogous  to  human  beriberi,  but  the 
manifestations  of  the  two  are  often  different.  Experimental 
beriberi  develops  rapidly  and  resembles  infantile  beriberi  more 
closely  than  any  other  type.  It  is  frequently  difficult  to  relate 
the  findings  of  experimental  vitamin  Bi  deficiency  to  those  of 
human  beriberi  because  of  the  differences  in  species  and  in  the 
diets  of  experimental  animals  and  those  of  human  beings.  Some 
investigators  are  of  the  opinion  that  the  diets  of  persons  who  de¬ 
velop  beriberi  are  often  deficient  in  factors  other  than  the  vita¬ 
min  B  complex.  Morphological  and  histo-pathological  studies 
have  been  distinctly  unsatisfactory  in  explaining  the  precise  role 
of  vitamin  Bx;  however,  the  following  findings  seem  to  be  of 
importance  in  spite  of  the  lack  of  satisfactory  methods  of  study. 

1.  The  nervous  system  lesions.  Degeneration  of  the  nervous 
system  occurs  in  most,  if  not  all,  species  suffering  from  pro¬ 
longed  inadequacy  of  vitamin  B,.  In  the  rat  and  in  the  pigeon 
depl®t\on  °f  V1tamin  B,  results  in  death.  As  early  as 
1897  Eijkman  (1)  showed  that  degenerative  changes  were  pres¬ 
ent  in  the  peripheral  nerves  and  anterior  horn  cells  of  fowls  with 
experimental  beriberi.  He  considered  these  findings  analogous 
,(  those  °J  human  beriberi.  In  recent  years,  however,  there  has 
been  a  strong  tendency  to  consider  many  of  the  pathological 
changes  of  experimental  beriberi  the  result  of  starvation  rather 
than  the  result  of  a  vitamin  B,  deficiency.  Particffiarly  sig 
nfficant,  in  support  of  this  idea,  is  the  general  nninirm  Y  -g 
vestigators  that  one  of  the  earliest  results  of  «  j  ^  ?.ng  m- 

rszStes;'  fcrlr 

polyneuritis  gallinarum  induced  bv  exoneration  found  in 

..37 


58 


VITAMIN  Bx  IN  MEDICINE 


changes  in  the  nervous  system  in  animals  suffering  from  inanition 
are  essentially  the  same  as  those  deprived  of  vitamin  Eh  or 
both  vitamins  Bt  and  B2.  If  anything,  the  changes  in  the 
peripheral  nerves  in  animals  subjected  to  inanition  are  more 
marked.”  Recently,  Vedder  and  Chinn  (4)  compared  the 
brachial  and  sciatic  nerves  of  rats  subjected  to  complete  starva¬ 
tion,  rats  completely  starved  but  given  3  milligrams  of  crystalline 
vitamin  Bx  orally  each  day,  and  rats  given  a  diet  deficient  in 
vitamin  Bx.  Myelin  degeneration  was  seen  in  the  peripheral 
nerves  of  all  rats  of  all  groups.  No  appreciable  difference  in  the 
extent  of  this  degeneration  was  noted  in  the  three  groups.  Sebrell 
and  Elvove  (5)  have  shown  that  an  inadequate  amount  of 
vitamin  Bx  added  to  the  vitamin  Bx  free  diet  of  rats  makes  the 
polyneuritis  more  severe  than  if  no  vitamin  Bi  is  added.  Vedder 
(6)  has  recently  stated:  “It  must  be  admitted  that  rats  starved 
to  death  showed  definite  degenerative  changes  in  the  nerves  of 
the  same  general  character  as  those  found  in  polyneuritis.  Nor 
are  these  degenerative  changes  eliminated  when  such  starving 
animals  are  given  adequate  amounts  of  vitamin  B^  1  e 
degenerative  changes  are,  as  a  rule,  quite  slight  and  consist  of 
occasional  minute  droplets  taking  the  black  stain  and.  according 
to  my  belief,  are  not  as  extensive  as  the  changes  found  in  the 
polyneuritis  caused  by  feeding  a  diet  deficient  in  vitamin  B>- 
It  is  essential  that  further  studies  on  the  physiological  action  of 
vitamin  Bx  be  made  before  we  can  determine  how  definite  a  ro  e 
inanition  plays  in  the  development  of  polyneuritis  in  vitamin  B, 

deficient  a^io^  occurrjng  ;n  experimental  polyneuritis  appear 

identical  to  those  occurring  in  human  beriberi.  Human  beings, 
however  often  develop  the  lesions  while  well  nourished.  From 
studies  on  human  beings  it  is  thought  by  the  authors  that  diets 
deficfenUn  other  essential  factors  increase  the  requirement  for 
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sheath  and  a  tendency  toward  segmentation  at  the  circumference. 
These  changes  are  generalized,  affecting  the  peripheral  nerves, 
the  ventral  and  dorsal  nerve  roots,  all  tracts  of  the  spinal  cord, 
the  medulla,  pons,  midbrain,  and  internal  capsule.  There  is  also 
degeneration  of  the  nerve  cells.  These  changes  in  the  nervous 
system  appear  similar  to  those  already  described  in  human  beri¬ 
beri.  It  is  thought,  however,  that  in  order  to  produce  lesions 
similar  or  identical  to  those  appearing  in  human  beings,  some 
vitamin  must  be  fed  to  the  experimental  animal  in  order  to 

prevent  early  death  (8).  . 

Vitamin  Bj  deficiency  in  the  dog  is  often  characterized  by 
spastic  phenomena  similar  to  those  so  often  seen  in  human  beings 
with  a  vitamin  Bi  deficiency  (8).  In  the  dog  the  lesions  of  the 
nervous  system  are  variable  in  location,  order  of  appearance,  and 
severity.  One  of  the  most  amazing  and  least  understood  facts  is 
that  the  clinical  manifestations,  except  in  the  terminal  stages, 
show  dramatic  and  rapid  improvement  within  a  few  hours,  and 
yet  complete  recovery  may  be  delayed.  Similarly,  the  histo- 
pathological  changes  in  the  nervous  system  appear  after  the 
symptoms  develop,  and  persist  after  symptomatic  recovery  is 
under  way  (9). 

2.  The  cardiovascular  system,  edema,  and  serous  effusions. 
The  serous  effusions  and  cardiac  hypertrophy  described  in  human 
beriberi  are  rarely  reported  in  the  experimental  deficiencies. 
McCarrison  (10),  however,  succeeded  in  producing  edema  and 
enlarged  hearts,  in  addition  to  polyneuritis,  in  a  large  number 
of  pigeons  by  feeding  them  diets  similar  to  those  used  by  the 
natives  of  India  who  develop  beriberi.  These  diets,  in  addition 
to  rice,  include  dal  (legumes)  and  other  antineuritic  foods.  The 
heart  in  experimental  vitamin  Bx  deficiency  is  often  atrophic. 
Bradycardia  is  so  commonly  found  in  vitamin  Bx  deficient  rats 
that  it  is  now  used  as  a  method  of  assay  for  this  vitamin.  The 
observations  on  the  cardiovascular  system  of  animals  on  vitamin 
,!  deficient  diets  are  of  great  interest  in  view  of  the  recent 
clmica  w°rk  of  Keefer  (11),  Feil  (12),  and  Weiss  and  Wilkins 
(18),  discussed  later  in  this  chapter. 

Edeina  and  serous  effusions  are  rarely  seen  in  experimental 
vitamin  B,  deficiency  unless  there  is  also  a  lack  of  proteins  in  the 
diet.  It  has  been  shown  by  Frisch,  Mendel,  and  Peters  (14)  that 

protein  deficfency  8  “  Pr°tein  regularly  develoP  seru® 

i  gastrointestinal  tract.  Comprehensive  investigations 

have  been  made  on  the  effect  of  vitamin  B,  deficiency  on  the 
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diet.  “Dystrophy”  of  the  intestine  was  reported  by  Abderhalden 
(18),  atony  by  Rowlands  and  Browning  (19),  and  degeneration 
of  Auerbach’s  plexus  by  McCarrison  (20).  Eddy  and  Dalldorf 
(8)  were  unable  to  demonstrate  significant  lesions  in  the  neural 
plexus  in  polyneuritic  animals.  It  seems  evident,  therefore,  that 
the  lesions  described  by  McCarrison  are  no  more  constant  than 
are  other  lesions  of  the  nervous  system.  McCarrison  (20), 
Dalldorf  and  Kellogg  (21),  and  Sure  and  Thatcher  (22)  have 
described  erosions  and  ulcers  of  the  stomach.  The  functional  dis¬ 
turbances  of  the  gastro-intestinal  tract,  however,  are  much  more 
severe  than  can  be  accounted  for  on  the  basis  of  demonstrable 
anatomical  change.  The  gastric  symptomatology  of  experimental 
vitamin  B!  deficiency  closely  resembles  the  symptomatology 
of  infantile  beriberi. 

4.  Internal  secretions.  Marked  hypertrophy  of  the  adrenals 
is  a  characteristic  finding  of  experimental  vitamin  deficiency. 
McCarrison  (23)  has  described  an  increased  output  of  epinephrin, 
but  Kon  and  Drummond  (24)  found  the  amount  of  epinephrin 
in  the  experimental  pigeon  to  be  normal.  Enlargement  of  the 
adrenals  is  confined  to  birds  and  is  not  observed  as  the  usual 
thing  in  either  rats  or  human  beings  restricted  to  a  diet  deficient 
in  vitamin  Bj.  The  Islands  of  Langerhans  are  hypertrophic 
(25,  26),  and  there  is  hyperglycemia  in  fowls  deprived  of 
vitamin  Bt  (see  Chapter  XXV).  Loss  of  libido  is  described  in 
the  male  animals  and  prompt  suppression  of  the  follicular  func¬ 
tion  of  the  ovaries  in  the  female.  Evans  and  Bishop  (27)  have 
shown  that  suppression  of  the  follicular  function  is  an  early 
pffpr*t,  of  vitamin  Bi  deficiency,  and  Ueno  (28)  has  been  able  to 
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whether  he  had  vitamin  B,  deficiency  associated  with  diseases 
such  as  chronic  alcoholic  addiction,  pregnancy,  Korsakoii  s 
syndrome,  pellagra,  sprue,  pernicious  anemia,  colitis,  diabetes, 
tuberculosis,  porphyrinuria,  senility,  malignancy,  and  cirrhosis. 
Hence,  the  authors  regard  the  polyneuritis  arising  from  a  de¬ 
ficiency  of  vitamin  Bx  as  beriberi,  even  if  another  disease  con¬ 
dition  is  present. 

Any  classification  of  deficiency  diseases,  from  the  standpoint 
of  pathology,  is  unsatisfactory.  While  it  is  not  within  the  scope 
of  this  book  to  describe  the  general  pathology  of  these  various 
diseases,  it  must  be  frankly  admitted  that  in  many  instances 
pathologists  are  unable  to  determine  whether  death  was  due  to 
beriberi,  sprue,  pellagra,  pernicious  anemia,  celiac  disease,  chronic 
alcoholism,  or  some  other  closely  related  disease.  This  difficulty 
can  be  explained  in  part  by  the  fact  that  the  distribution  of 
lesions  within  the  body,  rather  than  the  nature  of  the  etiological 
agent,  often  determines  the  alterations  found  at  postmortem. 
Another  source  of  difficulty  is  the  frequent  occurrence  of  multiple 
deficiencies  in  human  beings.  When  sufficient  knowledge  becomes 
available,  the  classification  of  these  syndromes  will  be  based 
upon  a  broader  understanding  of  the  lacking  chemical  substance, 
the  predisposing  conditions,  and  the  associated  pathological 
processes. 

The  pathogenesis  of  vitamin  Eb  deficiency  is  particularly  dif¬ 
ficult  to  determine  because  the  reactions  produced  in  the  nervous 
system  by  a  number  of  etiological  agents  are  similar.  Some  of  the 
limitations  in  our  knowledge  of  the  pathology  of  vitamin  Bi 
deficiency  will  be  overcome  when  observations  are  made  which 
correlate  the  reactions  of  the  entire  nervous  system  with  those 
in  other  affected  organs  of  the  body.  Additional  information 
might  be  added  by  applying  modern  neuro-histological  staining 
methods  to  nerve  structures  other  than  those  of  the  central 
nervous  system  and  the  large  nerve  trunks. 

Despite  our  limited  knowledge  of  the  fundamental  pathology 
oi  vitamin  B;  deficiency,  one  can  often  correlate  the  clinical 
course  of  beriberi  with  the  findings  at  postmortem.  A  person 
dying  from  acute  beriberi  is  usually  not  emaciated.  The  heart  in 
such  cases  is  strikingly  enlarged.  Patients  with  chronic  beriberi 
are  generally  emaciated  and  usually  die  from  some  coexisting 
disease  usually  an  infectious  one.  Complete  pathological  studief 
of  persons  with  beriberi  demonstrate  that  multiple  neuritis  is  the 
most  characteristic  lesion.  In  addition  to  varying  degrees  of 
egeneration  of  the  nervous  system,  changes  in  the  heart  and 
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the  nervous  system.  There  is  unusual  conformity  between  the 
anatomical  location  of  the  nervous  lesions  and  the  clinical 
manifestations.  The  nerves  supplying  the  lower  extremities  are 
most  commonly  affected,  but  frequently  there  is  degeneration  of 
the  cranial  and  solar  plexuses.  In  the  so-called  dry  form  of  beri¬ 
beri  there  is  always  polyneuritis  in  the  lower  extremities.  In  the 
average  case  early  degeneration  occurs  in  the  brachial  nerves  at 
about  the  same  time  that  late  changes  appear  in  the  sciatic 
nerves.  It  is  characteristic  that  the  distal  portions  of  the  nerves 
are  first  and  most  seriously  altered.  In  far-advanced  cases  all 
nerves  of  the  body  may  be  involved.  All  observers  (29,  30)  agree 
that  there  is  microscopic  evidence  of  degeneration  in  the  pe¬ 
ripheral  nerves  wdiich  may  vary  from  slight  alteration  to  com¬ 
plete  disappearance  of  the  myelin  and  axis  cylinders. 

Most  observers  have  not  reported  “naked  eye”  changes  in  the 
brain,  peripheral  nerves,  or  spinal  cord.  Bentley  (31),  however, 
has  described  nineteen  necropsies  in  which  he  observed  conges¬ 
tion  and  softening  of  the  brain,  the  spinal  cord,  and  meninges. 
He  stated  that  the  lesions  were  so  large  that  the  cord  was  soft 
and  diffluent  with  hemorrhages  and  edema.  Degeneration  of  the 
cells  of  the  brain  and  spinal  cord  has  been  shown  by  the  use  of 
the  Nissl  stain  or  other  cell  stains.  Disorganization  of  the  cell 
content  and  rupture  of  the  membrane  have  been  demonstrated, 
but  it  cannot  be  shown  by  histological  methods  whether  or  not 
the  cell  is  dead  or  is  still  capable  of  recovery. 

The  central  and  peripheral  nervous  systems  in  infants  are 
less  severely  affected  by  thiamin  deficiency  than  are  those  of 


2.  The  heart.  The  most  common  cause  of  sudden  death  from 
vitamin  deficiency  is  acute  cardiac  failure.  The  classical 
picture  at  postmortem  is  a  dilated  and  hypertrophied  heart. 
The  right  auricle  and  right  ventricle  are  conspicuously  enlarged; 
the  chambers  are  filled  with  blood  and  the  valves  are  normal.  At 
times,  when  the  enlargement  of  the  right  auricle  and  .ventric  e 
is  pronounced,  the  left  heart  may  be  small  In  such 
theP  walls  are  “paper  thin”  as  a  result  of  the  dilatation  of  the 
right  auricle  and  conus  arteriosus.  Chronic  passive  congestion 
of  the  liver,  spleen,  kidneys,  and  intestines  is  nearl>  a  y 
present,  and  pulmonary  edema  occurs  in  at  least  50  per  cent  of 

the The6 weight  of  the  heart  in  the  classical  case  of  beriberi  r“"J" 

creased.  Ellis  (32),  in  a  study  of  125  t^hTlT3^ 
frmnd  the  averaee  weight  of  the  heart  to  be  13.5/  oz. 

grams),  whereas  the  heart  in  204  patients  who  die^  o^o^er 

workers  t33)ahaveefoundnthat  the  average  weight  of  the  heart  m 
patients  with  beriberi  is  above  the  max.mum  weight  of  the 
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normal  heart.  McLaughlin  and  Andrews  (34)  described  similar 
findings  in  infantile  beriberi.  In  the  average  case  the  heart 
weighed  34.1  grams,  while  in  other  diseases  of  infants  the 
average  heart  weighed  20  grams.  These  investigators  state  that 
the  gross  criteria  essential  for  the  postmortem  diagnosis  ol  in¬ 
fantile  beriberi  are  as  follows:  1,  dilatation  and  hypertrophy  oi 
the  right  heart;  2,  congestion  of  the  viscera;  3,  anasarca;  4,  ab¬ 
sence  of  other  findings  to  account  for  death.  They  believe  that 
the  most  striking  and  constant  changes  are  found  in  the  right 
heart  where  the  musculature  is  hypertrophied  and  forms  the 
major  portion  of  the  organ.  They  state  that  the  trabeculae  and 
papillary  muscles  are  prominent  and  that  the  cavity  is  dilated. 
The  walls  of  the  right  ventricle  measured  from  5  to  7  mm.  in 
thickness,  while  the  left  measured  only  from  3  to  5  mm. 

The  reports  of  Keefer  (11)  and  Yang  and  Huang  (35)  in¬ 
dicate  that  right-sided  dilatation  is  not  an  essential  feature  of 
the  beriberi  heart  as  seen  in  China.  Weiss  and  Wilkins  (13) 
recently  described  in  Boston,  Massachusetts,  thirty-five  cases  of 
heart  disease  which  they  thought  due  to  deprivation  of  vitamin 
B^  They  stressed  the  differences  between  the  characteristics  of 
cardiovascular  dysfunctions  due  to  a  deficiency  of  vitamin  Bt, 
as  observed  in  Boston,  and  those  described  for  the  classical  beri¬ 
beri  heart  in  the  Orient.  Some  of  the  cases  described  by  Weiss 
and  Wilkins  had  small  hearts;  some  had  less  right-  than  left¬ 
sided  failure;  and  others  had  left-sided  failure  alone.  No  satis¬ 
factory  anatomical  explanation  of  the  cardiac  lesions  of  beriberi 
exists,  and  microscopic  examination  reveals  little  pertinent  in¬ 
formation.  There  is,  however,  an  increase  of  intra-  and  inter¬ 
cellular  fluid  in  some  cases. 

3.  Edema,  serous  effusions,  and  other  findings.  Edema  and 
serous  effusions  are  found  commonly  in  cases  of  acute  beriberi. 
They  occur  less  frequently  in  chronic  cases.  The  edema  is  most 
noticeable  in  the  legs  and  thighs,  and  although  it  may  become 
generalized,  it  rarely  affects  the  face.  Following  postmortem 
incision  of  the  wet  case,  large  amounts  of  a  clear,  greenish-yellow 
serous  fluid  pour  from  the  subcutaneous  tissue.  This  edema  is 
o  en  associated  with  effusions  into  the  pericardium,  the  pleurae, 
and  the  peritoneal  cavity.  Edema  of  the  lungs  occurs  in  fullv 
50  per  cent  of  the  cases. 


There  is  great  reduction,  if  not  complete  absence,  of  the  sub- 

of  beXri  rTrrerff ' T?’  and  *picardial  in  the  chronic  cases 
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triaTion  TnCthSn/aUy  generation,  cloudy  swelling,  and  C,  of 
stnation.  In  those  cases  having  edema  the  fluid  can  be  recognized 
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Beriberi  of  infants  is  nearly  always  associated  with  edema 
and  serous  effusions. 

It  can  be  seen  from  this  description  that  postmortem  studies 
of  beriberi  have  contributed  relatively  little  toward  an  under¬ 
standing  of  the  pathogenesis  of  the  disease.  The  criteria  for 
diagnosis  are  distinctly  unsatisfactory  and  depend  essentially 
upon  the  association  of  a  rather  characteristic  cardiac  dilatation 
of  unknown  cause,  and  degeneration  of  the  peripheral  nerves. 
In  view  of  these  uncertain  criteria,  subclinical  forms  will  almost 
certainly  pass  unrecognized. 


Pathological  Physiology 

The  mechanism  of  neuritis  in  vitamin  Bx  deficiency.  All  spe¬ 
cies  deprived  of  vitamin  Bx  over  a  period  of  time  develop  neural 
degeneration.  There  is  a  striking  correlation  between  the  de¬ 
generation  of  the  nerves  and  the  clinical  manifestations.  Almost 
invariably  the  terminal  portions  of  the  nerves  are  most  seriously 
affected,  and  the  symptoms  accordingly  are  most  severe  in  the 
distal  portions  of  the  extremities.  Since  the  legs  are  usually  first 
affected  by  the  neuritis  of  beriberi,  it  follows  that  the  degenera¬ 
tion  is  most  marked  in  the  sciatic  nerves  and  its  branches,  and, 
in  addition,  that  the  manifestations  here  are  the  last  to  disappear. 
The  recognizable  changes  in  the  nerves,  however,  probably  appear 
relatively  late  in  the  disease  process  and  persist  after  sympto¬ 
matic  recovery  has  been  initiated.  It  has  been  observed  that 
following  adequate  treatment,  the  first  stages  of  the  recovery 
from  the  paralysis  and  pain  associated  with  polyneuritis  may 
be  extremely  rapid,  and  thereafter  it  may  take  weeks  before  the 
patient  regains  the  normal  use  of  his  legs.  The  apparent  reason 
for  this  is  that  varying  periods  of  time  are  required  for  the  dif¬ 
ferent  elements  in  the  nervous  system  to  regain  their  normal 
function.  It  seems  almost  certain  to  the  authors  that  the  rapid 
initial  recovery  is  due  to  a  return  of  function  of  the  nerve  cells, 
whereas  the  subsequent  slow  progress  is  associated  with  the 
remyelin ization  of  the  nerve  fibers.  Mellanby  (36)  j of ^the 
opinion  that  the  initial  prompt  response  is  due  to  vitamin  Bx 
and  that  the  subsequent  slower  healing  is  dependent  upon 
vitamin  A.  The  solution  of  the  problem  is  unusually  difficult  in 
the  absence  of  knowledge  concerning  the  effect  of  vitamin  B, 

on  cellular  metabolism  (see  Chapter  XXV  ).  .  R  . 

The  mechanism  of  cardiovascular  failure  m  vitamm B ,  d 
ficiency  The  beriberi  heart  results  from  failure  to  utilize  su 
ficient  quantities  of  vitamin  B,.  It  is  characterized  by  two  out- 
efnndine  features'  1  the  predominance  of  cardiac  enlargemen 
the  Iht  sfde  2,'  diminished  contractile  power.  Lack  of  satis¬ 
factory  anatomical  or  physiological  explanations  for  these  find- 
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ings  has  led  to  the  following  hypotheses  as  explanations  of  the 

mechanism  of  the  heart  failure.  „  ,, 

1  Degeneration  oj  the  vagus  nerve.  Degeneration  of  the 

vagus  nerve  in  cases  of  beriberi  was  noted  many  years  ago  and 
was  considered  the  cause  of  cardiac  failure.  However,  recent  re¬ 
ports  by  Stanley  (37),  Aalsmeer  and  Wenckebach  (38),  bhima- 
zono  (39),  and  Keefer  (11)  fail  to  support  this  hypothesis,  lhe 
finding  of  degeneration  in  the  vagus  nerve  often  does  not  corre¬ 
late  with  the  clinical  manifestations  of  beriberi.  For  example, 
many  of  the  acute  cases  with  minimal  changes  in  the  vagus  may 
have  the  most  severe  cardiac  failure.  Furthermore,  paralysis  of 
the  vagus  nerve  by  atropin  does  not  produce  the  clinical  picture 
of  cardiac  failure  as  seen  in  beriberi  (40). 

2.  Respiratory  paralysis.  Miura  (41)  was  the  first  to  propose 
respiratory  paralysis  as  the  cause  of  cardiac  failure  in  beriberi. 
He  believed  that  the  hypertrophy  of  the  right  side  of  the  heart 
was  due  to  retraction  of  the  lung  and  to  elevation  of  the 
diaphragm  associated  with  contraction  of  the  branches  of  the 
pulmonary  arteries.  There  is  little  evidence  in  favor  of  this 
theory. 

3.  Water  retention  or  edema  hypothesis.  This  hypothesis  was 
proposed  by  Aalsmeer  and  Wenckebach  (38),  who  state  that  a 
deficiency  of  vitamin  Bx  produces  disturbances  of  metabolism 
which,  in  turn,  cause  the  skeletal  and  cardiac  muscles  to  absorb 
water.  They  believe  that  the  edema  results  in  loss  of  contractility 
and  produces  heart  failure.  Consistent  with  this  theory  is  the 
observation  that  heart  failure  is  much  more  common  in  the  wet 
type  of  beriberi  than  in  the  dry  type ;  moreover,  pathologists  can 
sometimes  demonstrate  excess  fluid  between  and  within  the 
cardiac  cells.  Aalsmeer  and  Wenckebach  have  given  additional 
support  to  this  theory  by  showing  that  the  administration  of 
vitamin  Bx  concentrate  to  patients  with  beriberi  heart  causes  the 
disease  “to  melt  away  as  ice  in  the  sun.”  These  authors  base 
their  theory  on  clinical  observations  which  seem  correct  except 
for  the  reservation  that  right-sided  dilatation  and  hypertrophy 
described  by  them  and  others  represent  only  one  of  the  cardio¬ 
vascular  manifestations  of  beriberi.  Keefer  (11),  Weiss  and 

•  u  * uS  ’  an<^  Strauss  (42)  have  observed  that  some  patients 

with  beriberi  do  not  have  right-sided  failure  only.  Why  do  cer¬ 
tain  patients  with  vitamin  Bx  deficiency  develop  right-sided 
ailure,  left-sided  failure,  vasomotor  collapse  and  shock,  or  some 
combination  of  these  factors?  Wenckebach  regards  the  beriberi 
heart  as  being  predominantly  an  enlargement  of  the  right  side 
attempts  to  explain  this  enlargement  on  the  following 
theoretica1  basis;  In  the  beginning,  he  believes  that  both  sides 

-equally  but  that  the  ri*ht  side  is  cer¬ 
tain  to  fail  before  the  left  in  persons  with  beriberi.  This  assump- 
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tion  he  bases  on  the  fact  that  the  right  side  of  the  heart  is  less 
strong  than  the  left,  plus  the  fact  that  the  left  side  cannot  receive 
more  blood  than  the  right  side  is  able  to  transmit.  In  other 
words,  the  more  the  right  side  of  the  heart  fails,  the  less  work 
the  left  side  is  compelled  to  do.  The  nature  of  the  cardiovascular 
changes  is  not  explained  by  Wenckebach.  It  is  not  clear  to  the 
authors,  from  Wenckebach’s  statement,  why  the  right  side  of  the 
heart  should  fail  before  the  left  in  patients  with  beriberi.  He 
presents  little  data  on  hemodynamics,  with  the  exception  of  the 
response  to  epinephrin  and  pitressin.  Likewise,  it  is  the  opinion 
of  the  authors  and  others  (43)  that  the  morphological  observa¬ 
tions  concerning  the  edema  of  the  heart  cells  are  not  adequate  to 
explain  the  pathological  physiology.  In  the  first  place,  there  may 
be  no  demonstrable  histological  changes  or  the  changes  may  only 
be  slight ;  and,  in  the  second  place,  the  changes  when  present  are 
not  specific,  and  right-sided  failure  may  occur  without  neces¬ 
sarily  being  accompanied  by  histological  changes.  We  do  not 


have  information  which  would  lead  us  to  believe  that  vitamin  B 


affects  the  cells  of  the  right  side  of  the  heart  differently,  nor  is 
there  any  published  information  to  the  effect  that  there  is  more 
edema  in  the  heart  cells  of  the  right  side  than  in  those  of  the  left. 

Mebius  (44),  who  accepts  Wenckebach’s  hypothesis,  states 
that  a  lack  of  vitamin  Bx  directly  affects  the  contractile  portion 
of  the  heart  muscle  and  thus  leads  directly  to  heart  failure. 

In  studying  patients  with  beriberi  and  closely  related  de¬ 
ficiency  diseases  by  means  of  electrocardiography,  Scott  and 
Herrmann  (45),  Feil  (12),  Weiss  and  Wilkins  (13),  and  others 
found  that  the  conductivity  was  altered  in  certain  cases.  Feil, 
and  Weiss  and  Wilkins  pointed  out  that  certain  patients  with 
pellagra  and  neuritis  have  tachycardia,  abnormality  in  the  T 
waves,  and  prolongation  of  the  electrical  systole  (Q-T).  These 
changes  tend  to  disappear  following  dietary  treatment,  which 
suggests  that  they  are  nutritional  in  origin.  Weiss  and  Wilkins 
have  advanced  evidence  to  show  that  vitamin  Ba  plays  a  role  in 
the  development  of  these  electrical  abnormalities.  Porter  and 
HirrffinWkm  t4fil  observed  no  electrocardiographic  changes  in 


deficiency  and  whether  cases  similar  to  them  occur  with  any 

i  _  _r  c _ _  ivi  fKo  Orient. 


state  what  part  the  peripheral  dilatation  anu  inucd;,tu 
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pressure  may  play  in  leading  to  right-sided  dilatation  of  the 
heart.  In  a  case  recently  studied  by  Weiss  (43),  it  seemed  that 
the  peripheral  arteriolar  dilatation  predisposed  the  patient  to 
circulatory  shock  and  the  formation  of  edema.  .  . 

As  yet  we  have  no  information  as  to  the  initial  step  in  the 
mechanism  of  cardiovascular  changes  in  patients  with  beriberi. 
Is  it  a  change  in  the  vagus  tone,  is  it  peripheral  arteriolar  dilata¬ 
tion,  is  it  myocardial  change,  or  is  it  a  summation  of  these  factors 
which  initiates  cardiovascular  failure?  If  the  peripheral  vaso¬ 
dilatation  proves  to  be  important,  is  its  origin  peripheral  or 
central?  Certainly  the  cardiac  involvement  cannot  be  attributed 
entirely  to  dilatation  of  the  peripheral  vessels,  as  electrocardio¬ 
graphic  changes  and  even  dilatation  of  the  heart  can  occur  with¬ 
out  appreciable  dilatation  of  the  peripheral  arterioles. 

Keefer  has  admirably  summarized  the  present  state  of  our 
knowledge  of  the  cardiovascular  changes  associated  with  Oriental 
beriberi.  He  points  out  that  a  deficiency  of  vitamin  Bx  causes 
changes  in  the  heart  characterized  by  cardiac  enlargement  and 
deficient  contractile  power.  He  emphasizes  the  point  that 
muscular  exercise  plays  a  tremendous  role  in  the  course  of  the 
disease:  if  the  patient  is  not  disabled  by  polyneuritis  and  per¬ 
forms  muscular  work,  cardiac  insufficiency  tends  to  result;  if 
painful  pol/neuritis  is  present,  the  patient  cannot  perform  ex¬ 
cessive  muscular  work  and  the  myocardium  is  protected,  and 
hence  cardiac  failure  does  not  occur.  This  explanation  is  in  agree¬ 
ment  with  Smith’s  observation  (47)  that  a  proper  diet  is  im¬ 
portant  in  the  treatment  of  any  form  of  heart  disease  and  is 
directly  in  support  of  Barr’s  recent  study  (48)  demonstrating 
the  importance  of  muscular  exercise  in  the  production  of  any 
form  of  heart  failure.  In  recent  studies  on  the  role  of  vitamin  Bx 
in  cardiovascular  disease,  Jones  and  Sure  (49)  noted  a  striking 
similarity  between  the  symptoms  of  cardiac  disease  and  ac¬ 
centuated  cases  of  vitamin  Bx  deficiency.  They  believe  that  it  is 
likely  that  certain  cardiac  diseases  may  represent  an  accumula¬ 
tive  deficiency  of  vitamin  Bx  over  a  prolonged  period  of  time. 

The  mechanism  of  edema  formation  in  vitamin  Bx  deficiency. 
The  mechanism  of  edema  formation  in  beriberi  is  not  known.  In 
general,  we  can  say  that  it  is  dietary  in  origin,  since  it  disappears 
as  a  result  of  adequate  dietetic  treatment  and  does  not  return  so 
°ng .as  the  diet  remains  adequate.  Its  presence  indicates  a  per¬ 
version  of  the  physiological  mechanism  which  controls  the  inter¬ 
change  of  fluids  between  the  capillaries,  the  tissue  spaces,  and 
the  lymphatic  vessels  (see  Landis’  table,  Chapter  I).  There 
have  been  various  explanations  given  to  the  origin  of  the  edema 

onrHfnb-erL  -In  S°me  uases  the  edema  seems  to  be  essentially 
cardiac  in  origin ;  in  others  it  is  due  to  an  associated  low  plasma 

protein  content  of  the  blood  (11,  35).  There  are  cases  of  edema 
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reported  in  which  the  heart  apparently  is  normal,  the  plasma 
proteins  are  normal,  and  yet  the  edema  will  disappear  promptly 
following  treatment  with  an  adequate  diet  (40,  50,  51,  52).  As 
one  studies  the  outline  of  edema  formation  as  explained  by 
Landis  (50),  he  can  see  that  we  have  no  proof  in  a  given  case  of 
beriberi  as  to  whether  the  actual  factor  is  an  elevation  of  capillary 
pressure,  a  lowering  of  colloid  osmotic  pressure,  damage  to  the 
capillary  walls,  interference  with  lymphatic  circulation,  or 
whether  it  may  be  dependent,  in  part,  upon  a  high  salt  intake, 
high  fluid  intake,  warm  environment,  or  disturbed  innervation. 
Clinical  observations  may  show  that  the  edema  in  one  case  of 
beriberi  may  not  be  caused  in  exactly  the  same  way  as  in  another 
case.  For  example,  in  certain  instances  cardiac  insufficiency  seems 
to  be  a  primary  cause;  in  others  a  deficiency  of  colloid  osmotic 
pressure  may  play  a  role;  in  still  others  there  seems  to  be  in¬ 
creased  capillary  pressure.  Nutritional  edema  has  been  demon¬ 
strated  in  some  instances  where  there  is  no  evidence  of  cardiac 
failure  and  where  the  colloid  osmotic  pressure  is  within  normal 
limits.  In  such  instances  the  edema  may  disappear  promptly  fol¬ 
lowing  an  adequate  diet.  Could  this  be  a  specific  action  of 
vitamin  Bt?  At  the  present  time  we  do  not  have  sufficient 
hemodynamic  studies  on  typical  cases  of  Oriental  beriberi  to 
evaluate  the  primary  and  contributory  causes  of  edema. 

Mebius  (44),  in  1929,  accounted  for  all  the  symptomatology 
of  beriberi  on  the  basis  of  intercellular  edema,  and  stated  that 
the  generalized  edema  is  due  entirely  to  a  lack  of  vitamin  Bj. 
He  did  not  explain  the  lack  of  edema  in  the  cases  of  dry  beriberi 
which  is  known  to  be  caused  by  a  lack  of  vitamin  B,.  We  need 
an  explanation  as  to  why  some  cases  of  beriberi  have  edema  and 
others  do  not.  We  can  say  with  a  relative  degree  of  certainty  that 
edema  cannot  be  due  entirely  to  a  protein  deficiency,  since  it  is 
often  cured  by  concentrates  that  contain  no  protein.  The  con¬ 
centrates  that  cure  both  wet  and  dry  beriberi  may  contain 
vitamins  other  than  vitamin  Bt.  McCarrison  (23)  gives  this 
explanation:  that  dry  beriberi  is  caused  by  a  complete  absence 
of  vitamin  B  while  wet  beriberi  is  produced  by  partial  and  long- 

continued  deficiency  of  this  vitamin.  .  .  .  , 

Now  that  vitamin  Bt  crystals  have  become  available  m  ample 
quantities,  we  expect  valuable  information  to  be  obtained  by 
treatment  of  a  large  series  of  patients  with  wet  beriberi  by  means 
of  this  substance.  Until  such  information  is  available,  no  theory 
will  be  entirely  satisfactory  in  explaining  the  clinical  and  patho¬ 
logical  manifestations  of  the  lack  of  vitamin  B,. 

Vitamin  B,  deficiency  and  the  gastrointestinal tract.  V  ita¬ 
min  B,  is  essential  for  the  normal  functioning  of  the i  gastro¬ 
intestinal  tract.  At  the  present  time,  however  it  is ;  difficu 
understand  how  an  inadequate  amount  of  this  vitamin  pre 
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disposes  to  gastro-intestinal  disturbances.  McCarrison  (20)  sug¬ 
gested  many  years  ago  that  a  deficiency  of  vitamin  Bx  caused 
degeneration  of  Auerbach’s  plexus,  which  in  turn  affected  the 
intestinal  tract.  An  inadequate  amount  of  vitamin  Bx  has  also 
been  shown  to  be  associated  with  atrophy  of  the  glandular  por¬ 
tions  of  the  intestines  in  human  beings  and  animals.  Some  in¬ 
vestigators  (17,  53,  54)  are  of  the  opinion  that  desire  for  food, 
normal  secretion  of  hydrochloric  acid  into  the  stomach,  and 
normal  motility  of  the  intestines  are  dependent,  in  part  at  least, 
upon  the  presence  of  vitamin  Bx.  Anorexia  is  the  initial  symptom 
of  dietary  vitamin  Bx  deficiency  in  experimental  animals  and 
human  beings.  It  may  occur  as  the  result  of  a  moderate  avita¬ 
minosis  and  in  the  absence  of  any  other  signs  of  vitamin  Bi  in¬ 
adequacy.  Prompt  disappearance  of  the  anorexia  follows  the 
administration  of  vitamin  Bx.  As  Sherman  (55)  states,  the  effect 
of  vitamin  Bx  upon  the  desire  for  food  is  a  true  one,  since  the 
vitamin  Bx  deficient  animal  when  given  the  vitamin  “will  return 
with  appetite  to  the  same  food  which  it  had  previously  refused.” 
Cowgill  and  Gilman  (17)  relate  the  anorexia  to  hypochlorhydria 
and  loss  of  muscular  tone  in  the  stomach.  On  the  other  hand, 
Alvarez,  Pilcher,  Foley,  Mayer  and  Osterberg  (56)  and  Sure  and 
Harrelson  (57)  have  been  unable  to  demonstrate  any  gastric 
changes  due  to  a  lack  of  vitamin  Bx. 

A  number  of  investigators  (20,  21,  22)  are  of  the  opinion 
that  ulcers  of  the  stomach  are  the  most  definite  gastro-intestinal 
lesions  arising  from  vitamin  Bx  deficiency.  It  has  been  stated  that 
a  lack  of  vitamin  Bx  may  produce  peptic  ulcer  in  human  beings, 
but  there  is  little  evidence  in  favor  of  this  belief  (58).  In¬ 
vestigators  (20,  53,  59)  have  shown  that  animals  maintained  on 
diets  deficient  in  vitamin  Bx  have  a  striking  increase  in  the  size 
of  the  colon,  and  from  this  observation  concluded  that  vitamin  Bx 
is  necessary  for  the  maintenance  of  normal  muscular  tone  of  the 
large  intestine. 

Cli™Nal  studies  on  a  series  of  seventy-five  patients  caused 
.ritts  (60)  to  conclude  that  “the  continual  slight  shortage  in  the 
modern  day  diet  of  vitamin  B  leads  to  definite  changes  in  the 
motor  and  secretory  mechanism  of  the  gastro-intestinal  tract  ” 
lhe  signs  and  symptoms  of  the  avitaminosis  in  the  seventy-five 
patients  studied  by  this  author  led  him  to  call  attention  to  a 
syndrome  of  gastric  atony,  spastic  colon,  low  hydrochloric  acid 
values,  and  hypothyroidism.  When  patients  having  the  symp¬ 
toms  enumerated  were  given  vitamin  Bx,  a  decided  improvement 
in  this  condition  followed.  ipiuvement 

o^fim?S0n  (6^.is  of  51®  option  that  eructations,  flatus  head- 

tr««frn^1S+CelrPt?S1u  and  loss  of  wei§ht  are  oftentimes  due  to 
gastro-intestinal  changes  arising  from  vitamin  Bx  lack. 

It  is  extremely  difficult  to  evaluate  accurately  many  of  the 
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studies  made  on  man  and  animals  in  relation  to  the  gastro¬ 
intestinal  function  and  the  administration  of  yeast,  wheat  germ, 
and  various  other  concentrates,  since  these  substances  contain 
many  chemical  constituents  in  addition  to  vitamin  Bx.  It  is  also 
difficult  to  state  the  exact  role  that  a  lack  of  vitamin  Bi  may  play 
in  producing  gastro-intestinal  symptoms,  as  there  is  no  objective 
method  for  making  a  diagnosis  of  such  gastro-intestinal  disorders. 
It  seems  lair  to  state,  however,  that  the  symptoms  arising  from 
the  gastro-intestinal  tract  in  patients  or  animals  with  clinical 
evidence  of  vitamin  Bx  deficiency  are  likely  to  be  caused  by  a 
lack  of  vitamin  Bj.  Controlled  studies  with  vitamin  Bx  crystals 
will  throw  light  on  many  of  these  conflicting  points  within  a  short 
time. 

Vitamin  Bt  deficiency  in  relation  to  growth  and  maintenance 
of  body  weight.  Vitamin  Bx  is  an  essential  factor  for  normal 
growth  in  the  young  and  for  maintenance  of  normal  weight  and 
health  in  the  adult.  It  has  been  shown  that  an  enrichment  of 
the  diet  in  vitamin  Bt  content  is  followed  by  improvement  in 
growth,  appetite,  and  body  weight  (62,  63,  64,  65).  It  is  essential 
that  the  diet  have  an  adequate  vitamin  Bx  content  when  there 
is  increased  metabolism  from  any  cause.  It  is  the  opinion  of  a 
number  of  clinicians  that  a  suboptimal  supply  of  vitamin  Bj 
results  in  limitation  of  growth  in  infancy  and  in  childhood,  and 
predisposes  to  loss  of  weight  in  the  adult.  It  is  particularly  im¬ 
portant  for  the  physician  to  realize  that  several  factors  may 
operate  at  the  same  time  to  produce  a  deficiency,  and  that  many 
therapeutic  diets  may  be  inadequate  in  vitamin  Bx  to  meet  the 
requirements  for  maintenance  of  growth  and  body  weight  (see 
Chapter  VIII). 

Vitamin  Bx  deficiency  in  relation  to  reproduction,  pregnancy, 
and  lactation.  Vitamin  Bi  deficiency  is  very  often  associated 
with  loss  of  libido  in  human  beings  and  experimental  animals. 
Whether  this  is  induced  by  general  ill  health  or  whether  it  is 
directly  related  to  dysfunction  of  the  sex  glands  has  not  been  de¬ 
termined.  It  has  been  shown,  however,  that  the  gonads  and 
pituitary  may  be  affected  by  a  lack  ot  vitamin  Bt  (27,  28).  larr 
and  McNiele  (66)  have  demonstrated  that  pregnancy  occurs 
much  more  often  among  women  who  have  eaten  large  amounts 
of  the  vitamin  B  complex  than  in  those  whose  diet  is  deficient  in 
this  substance.  There  is  a  great  increase  in  the  vitamin  B,  re- 
ouirement  during  pregnancy  and  lactation.  Hence,  it  is  to  be 
expected  that  vftamin  B,  deficiency  occurs  frequently  during 
the  course  of  pregnancy.  The  development  and  treatment  of  the 
polyneuritic  symptoms  have  been  discussed  in  the  preceding 
chapter  Vomiting  of  pregnancy  is  the  most  common  symptom. 
ThePvomiting  in  itself  may  be  associated  with  a  lack  of  vitamin  Bx 
Ind  in  turn  may  lead  to  further  vitamin  B,  avitaminosis. 
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Strauss  and  McDonald  (67)  were  able  to  relieve  the  vomiting  and 
polyneuritis  associated  with  pregnancy  by  means  of  large  doses 
of  yeast.  Joachimovitz  (68)  reported  relief  of  the  vomiting  of 
pregnancy  following  the  administration  of  vitamin  Bx  crystals. 
Plass  and  Mengert  (69)  recommend  the  use  of  vitamin  Bx  in 
pregnancy  as  a  preventive  for  the  vomiting,  polyneuritis,  and 
mild  intestinal  dysfunction.  Stahler  (70)  claims  that  the  onset  of 
labor  in  vitamin  Bj  deficient  individuals  is  delayed,  that  uterine 
contraction  is  weakened,  and  that  labor  in  such  persons  can  be 
induced  by  injection  of  vitamin  Bx.  Tarr  and  McNiele  (66)  state 
that  the  period  of  lactation  is  increased  following  the  administra¬ 
tion  of  vitamin  Bx.  It  should  be  pointed  out  that  vitamin  Bx 
crystals  were  not  used  in  relation  to  lactation  in  human  beings. 
Hence,  it  must  be  concluded  that  as  yet  we  have  no  final  evidence 
that  vitamin  Bx  plays  a  role  in  human  lactation.  It  seems  likely 
that  mothers  failing  to  lactate  properly  may  predispose  their 
babies  to  beriberi.  A  number  of  years  ago  Andrews  (71)  demon¬ 
strated  that  the  milk  from  human  mothers  with  beriberi  induces 
beriberi  in  puppies. 

Vitamin  Bx  deficiency  in  relation  to  infancy  and  childhood. 

Infants  are  extremely  susceptible  to  vitamin  Bt  deficiency  and 
consequently  beriberi  occurs  more  frequently  in  early  age  than 
later  in  life.  Nursing  mothers,  though  they  themselves  may  be 
free  from  any  symptoms  of  beriberi,  often  have  infants  who 
develop  severe  vitamin  Bx  deficiency  (see  Chapter  II).  Knott 
(72)  has  found  that  the  vitamin  Bx  intake  necessary  for  optimum 
growth  in  children  is  27  International  Units  (about  1/10  milli¬ 
gram)  per  kilogram  of  body  weight,  or  six  times  the  minimal 
vitamin  B,  requirement  as  calculated  according  to  Cowgill. 

The  relation  of  vitamin  Bj  to  carbohydrate  metabolism. 
Peters  and  his  collaborators  (73)  have  recently  shown  that 
vitamin  Bx  is  a  catalyst  needed  for  the  removal  of  degradation 
products  of  carbohydrate  metabolism.  Previously,  Kinnersley 

fUU8  (74i  were  able. t0  show  that  lactic  acid  was  present 
in  the  brains  of  pigeons  with  vitamin  Bx  deficiency  and  that  its 

vitamin6 BS  £ corr£lated  witll the  acute  manifestations  of 
vitamin  B,  deficiency.  Passmore,  Peters,  and  Sinclair  (75)  have 

nrZi  f  at  Z  ^itaminotic  brain  tissue,  in  vitro,  pyruvate  ^ 

b,  s 

pffttmd  Lu  (“eTited  £1r*  “fM 

(77)  have  shown  thaHL-lS  deficlf“cy.  G«ger  and  Rosenberg 

arising  from  carbohydrate  thltTrln61'  mtermediate  metabolitf 

uonyarate  that  appears  in  infants  with  toxic 
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symptoms.  They  regard  this  substance  as  methyl  glyoxal.  Ac¬ 
cording  to  Arakawa  (78),  Asakura  (79),  Chiba  (80),  and  Uga 
(81),  it  occurs  in  large  amounts  in  the  blood  of  patients  with 
beriberi  and  in  animals  with  experimental  beriberi.  These 
Japanese  writers  consider  that  the  methyl  glyoxal  is  excreted  as  a 
toxin  into  the  milk  and  that  infants  fed  at  the  breast  of  mothers 
suffering  from  beriberi  not  only  have  a  vitamin  Bx  deficiency 
but  also  are  poisoned  by  methyl  glyoxal.  Very  recently  Lohmann 
and  Schuster  (82)  have  shown  that  a  pyrophosphate  of  vitamin 
Bx  acts  as  a  co-carboxylase. 

There  are  a  number  of  other  observations  which  show  that 
there  is  a  relationship  between  carbohydrate  metabolism  and 
vitamin  B:  deficiency.  McCarrison  (23)  has  shown  that  a  high- 
carbohydrate  diet  intensifies  the  effect  of  a  deficiency.  It  is 
known  that  the  glucose  tolerance  curves  are  high  in  pigeons 
deficient  in  vitamin  Bt  (83).  These  points  are  discussed  in  more 
detail  in  Chapter  XXV,  but  in  general,  the  observations  on  ex¬ 
perimental  animals  tend  to  show  that  in  vitamin  Bx  deficiency 
there  is  a  distinct  alteration  in  the  carbohydrate  metabolism. 
This  effect  should  be  studied  intensively  in  human  beings. 

Vorhaus,  Williams,  and  Waterman  (84)  obtained  improve¬ 
ment  following  the  administration  of  vitamin  B ,  crystals  to  two 
patients  with  diabetes  mellitus.  In  several  other  clinical  studies, 
carbohydrate  tolerance  has  been  reported  as  improved  following 
yeast  therapy,  but  some  investigators  have  found  no  improve- 
raent.  Von  Drigalski  (85)  has  administered  vitamin  B,  to 
patients  with  diabetes  mellitus  without  beneficial  results.  These 
discrepancies  can,  to  some  extent,  be  explained  y  e  ac 
it  is  extremely  difficult  to  obtain  controlled  observations  on  the 
average  diTbetic  patient,  tor  it  is  well  known  that  rest  in  bed  and 
freedom  from  anxiety  are  often  followed  by  chsappearance  of 
sugar  from  the  urine.  It  is  known  that  vitamin  Bt  does  not  a  er 
significantly  the  blood-sugar  level  in  the  normal  person. 

A  hvoerglycemia  and  glycosuria  in  depancreatized  dogs  w 

fidency  lit  relation  to  sugar  disturbances  requires  fttrtlrc-r  study, 
obscure.  (See  (  hapter  0 *  ,  pxists  between  vitamin  Bt 

affMtin^  cTrbohydrate  metaboUsmjn  human 

beings,  controlled  observations  on  a  large  series  ot  cases  w 

necessary.  ....  ■  R  t  hematopoiesis.  In  the  past 

The  relation  of  Vitamin  B,  to  ®  P  vitamin  B 

decade  it  has  been  shown  (87  88,  89,  W  ^  of  anemia. 

complex  is  effective  in  the  treat  benefit  derived  from  the 

It  seems  likely  that  at  least  a  part  of  the  benefit  derive 
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administration  of  this  complex  chemical  substance  is  due  to  its 
“tonic”  effect  on  the  gastro-intestinal  tract,  or  more  probably  to 
the  presence  of  Castle’s  extrinsic  factor  in  the  preparation  o 
vitamin  B  complex  which  was  used  (91).  It  has  been  pointed  out 
briefly  in  this  chapter  that  vitamin  Bi  deficiency  is  said  to  impair 
gastric  secretion  and  function.  In  the  presence  of  such  impair¬ 
ment,  it  is  possible  that  the  iron  and  protein  of  the  diet  are  not 
metabolized  efficiently. 

Tropical  anemia  and  certain  other  macrocytic  and  microcytic 
anemias  have  been  greatly  benefited  by  the  administration  of 
large  quantities  of  the  vitamin  B  complex,  and  this  has  led  to 
the  hypothesis  that  the  vitamin  B  complex  probably  has  a 
specific  anti-anemic  action.  Crystalline  vitamin  Bx  is  one  com¬ 
ponent  of  this  complex  but  as  yet  has  not  been  found  to  play  a 
role. 

Relation  of  vitamin  Bx  to  the  other  vitamins  and  to  the  endo- 
crines.  It  is  becoming  increasingly  clear  that  an  improper  bal¬ 
ance  between  the  active  principles  derived  from  the  glands  of 
internal  secretion  and  the  vitamins  and  other  essential  substances 
contained  in  food  can  lead  to  various  diseases.  These  materials 
from  the  glands  and  from  the  foods  must  eventually  form  a  suit¬ 
able  environment  for  the  cells  of  the  tissue.  This  mixture  of 
tissue  fluid  may  be  altered  in  many  ways,  and  if  it  is  unsuitable, 
the  cells  suffer  and  disease  follows.  As  vitamin  Bj  has  been  avail¬ 
able  in  pure  form  for  such  a  short  time,  we  do  not  know  its  precise 
effect  on  the  metabolism  of  the  various  cells  of  the  body.  Its 
absence,  however,  results  in  cellular  alteration  in  the  nervous 
system,  intestine,  pancreas,  stomach,  salivary  glands,  liver, 
adrenals  and  gonads,  and  probably  in  other  tissues. 
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CHAPTER  V 


PHARMACOLOGY  OF  VITAMIN 

At  the  present  time  the  pharmacological  action  of  vitamin  Bj 
is  not  well  understood,  but  studies  along  this  line  are  being 
stimulated  by  the  availability  of  the  pure  vitamin  in  large 
amounts. 

The  role  of  vitamin  Bj  in  carbohydrate  metabolism  and  its 
possible  identity  with  a  coenzyme  in  the  oxidation-reduction 
system  of  the  animal  organism  are  discussed  in  Chapter  XXVI. 

Hecht  and  Weese  (1)  reported  that  subcutaneous  injections 
of  from  50  to  500  mg./kg.  of  body  weight  resulted  in  a  20  per 
cent  increase  in  the  oxygen  consumption  of  guinea  pigs  within 
the  first  half  hour;  this  was  accompanied  by  a  decrease  in  the 

Q  from  0.80  to  0.75.  The  basal  metabolic  rate  returned  to 
normal  in  the  course  of  a  few  hours.  The  oxygen  consumption 
of  a  group  of  vitamin  Bx  depleted  rats  observed  by  Molitor  and 
Sampson  (2),  all  showing  neuro-muscular  disturbances,  was 
markedly  increased  only  after  the  animals  had  received  food 

That  vitamin  Bx  has  a  protective  action  against  the  toxic 
effects  of  thyroxin  has  been  reported  by  Sure  and  Buchanan  (3) 
who  found  that  the  pure  crystalline  vitamin  in  doses  of  30  to 
100  micrograms  counteracted  the  “toxicity”  of  as  much  as  0.2 
milligram  of  thyroxin  daily  in  animals  receiving  a  diet  containing 
autoclaved  brewers  yeast  For  a  more  extended  abstract  of  this 
work  the  reader  should  refer  to  Chapter  XX. 

!n  regard  to  the  level  of  the  blood  sugar,  Hecht  and  Weese 
(1)  state  that  with  subcutaneous  injections  of  0.1  gm  /kg  the 
fasting  blood  sugar  of  rabbits  remained  within  the  normal  Vange 
for  eight  hours.  A  toxic  dose,  0.5  gm./kg.,  however  Deduced  ! 
slight  increase  in  the  level,  which  returned  to  nnrmif  duced  a 
hours.  The  level  of  the  blood  surer in S  ££  h S1X 

.nn0SuUnered’  and  the  VUamin  did  n0t  affect  the  normal  actlo^S 
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and  Weese  (1)  were  able  to  double  the  excretion  of  urine  in  fast¬ 
ing  rabbits,  after  the  oral  administration  of  100  grams  of  water, 
by  the  injection  of  0.1  gm./kg.  of  the  vitamin.  Molitor  and 
Sampson  (2)  have  shown  that  water  diuresis  of  a  group  of  rats 
decreases  some  30  per  cent  during  the  depletion  period  and  that 
the  diuresis  returns  to  normal  in  about  fifteen  hours  after  the 
administration  of  50  micrograms  of  vitamin  Bx  hydrochloride  to 
each  rat.  Leong  (5)  and  Helmer  (6),  among  others,  have 
demonstrated  that  an  excess  of  vitamin  Bx,  administered  to 
animals  and  to  human  beings,  is  promptly  excreted  in  the  urine, 
Vasodilatation,  according  to  Molitor  and  Sampson  (2),  Oc¬ 
casionally  followed  the  intravenous  injection  of  very  large 
sublethal  doses  of  vitamin  Bx  into  unnarcotized  rabbits.  Hecht 
and  Weese  (1)  found  that  rapid  injection  of  30  mg./kg.  caused  a 
maximum  fall  in  the  systolic  blood  pressure  of  35  mm.  Hg  in 
narcotized  cats.  The  influence  on  the  blood  pressure  in  narco¬ 
tized  rabbits  was  observed  to  be  similar,  except  that  the  fall  was 
not  so  acute.  The  first  lowering  occurred  with  10  mg./kg.,  and 
even  after  80  mg./kg.  had  been  injected,  the  fall  was  only 
18  mm.  In  decapitated  novocainized  cats,  100  mg./kg.  given 
intravenously  had  no  effect.  The  observed  blood  pressure  fall  is 
believed  by  these  authors  to  be  due  to  a  central  injury. 

The  effect  of  vitamin  Bx  on  the  heart  of  the  normal  dog  has 
been  studied  by  Tislowitz  and  Pines  (7)  by  means  of  the  electro¬ 
cardiograph.  One  hour  after  a  single  injection  of  10  milligrams  to 
dogs  narcotized  with  chloral  and  curare,  bradycardia  with  marked 
respiratory  arrhythmia  and  sudden  death  occurred.  This  effect, 
they  believe,  is  produced  by  vagotonic  action  of  central  origin  an 
is  related,  perhaps,  to  changes  in  the  carbohydrate  metabolism 
of  the  deep  centers  of  the  brain.  In  the  opinion  of  the  authors, 
the  evidence  is  not  of  such  nature  as  to  warrant  this  conclusion 
Administration  of  smaller  doses,  from  1  to  2  mdligrams,  P™d“ce( i 
in  unnarcotized  dogs  similar  effects  of  bradycardia  and 
arrhythmia  which,  however,  soon  disappeared  after  the  dosage 
was  discontinued.  Tislowitz  and  Pines  also  report  that  injections 
of  adrSin  superimposed  upon  vitamin  B,  vagotonia  gave  rise 
tn  a  t.vnical  paroxysmal  tachycardia  of  supraventricular  origin. 
Holland  Sampson  (2)  Jnd  no  change  m  the  heart  ra  e  o 

norma! 

vitamin  B„  or  in  rats  whose  nea^r  ^  biilbocapnin  phosphate 

fSOme  /ke  )  It  is  well  known  that  bradycardia  develops  during 
(80  mg./kg.;.  f  .  _rt  rate  may  decrease  as  much  as 

vitamin  B,  ^rP'^^^B  deficTent  ammals,  the  injection  of 
50  per  cent.  I  followed  by  a  30  per  cent  increase  in 

Z7J!  rate  within  .“"lh.[,  hours.  Wi.hin  four  d„. 

the  heart  rate  had  returned  to  normal. 
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Hecht  and  Weese  (1)  have  reported  that  isolated  frog  heart, 
as  well  as  the  isolated  small  intestine  of  the  rabbit  and  guinea 
pig,  showed  no  reaction  in  concentrations  of  vitamin  B*  up  to 
1:1000.  Moreover,  Molitor  and  Sampson  (2)  have  shown  that 
vitamin  B*  produced  no  effect  on  the  motility  of  the  rabbit  s 
intestine. 

The  rate  of  respiration  is  generally  decreased  by  excessive 
doses  of  vitamin  B^  As  observed  in  narcotized  cats  by  Hecht 
and  Weese  (1),  the  respiration  was  practically  uninfluenced  by 
injected  doses  of  vitamin  Bj  up  to  20  mg./kg.  Higher  doses 
effected  the  usual  change. 

Wilder  (8)  and  Aring,  Evans,  and  Spies  (9)  have  used  large 
amounts  of  vitamin  Bx  in  the  treatment  of  epilepsy  in  human 
beings.  The  results  in  both  series  were  negative.  Molitor  and 
Sampson  (2)  have  shown  that  vitamin  Bt  has  no  effect  on 
thujone  convulsions  in  the  rat,  provided  the  animal  has  a  diet 
adequate  in  vitamin  Bx.  The  animals  depleted  of  this  vitamin 
have  a  marked  increase  in  the  number  of  convulsions,  which 
returns  to  normal  four  days  after  the  administration  of  20  micro¬ 
grams  of  vitamin  Bx  hydrochloride.  But  a  restricted  diet  produces 
similar  results,  even  if  an  excess  of  vitamin  B!  is  present.  The 
intravenous  injection  of  10  mg./kg.  failed  to  effect  any  change 
in  the  type  and  duration  of  the  nystagmus  in  normal  rats. 

Perla  (10)  reports  that  in  rats  receiving  large  doses  of 
synthetic  vitamin  B1?  there  is  interference  with  lactation  and 
normal  nursing  in  the  second  generation.  These  observations 
should  be  checked  carefully,  as  his  findings  do  not  coincide  with 
those  of  other  investigators.  Not  infrequently,  cannibalism 
occurs  in  the  first  litters,  particularly  if  the  young  are  handled. 
It  would  add  information  of  great  importance  if  the  females  were 
bred  repeatedly.  At  any  rate,  the  doses  administered  were  far 
beyond  the  therapeutic  range,  and  these  observations  should  in 
no  way  deter  the  physician  from  administering  vitamin  B,  when¬ 
ever  it  is  indicated  in  theranv. 


unapier. 


Toxicology 

The  lethal  doses  of  vitamin  B,  in  exoe 
established  by  Molitor  and  Sampson  (2), 


82 


VITAMIN  Bt  IN  MEDICINE 


1:6:40.  Molitor  and  Sampson  observed  that  repeated  subcu¬ 
taneous  or  intramuscular  injections  were  accompanied  by  sub¬ 
jective  or  objective  signs  of  irritation  in  the  mouse,  cat,  and 
guinea  pig.  These  symptoms  did  not  occur  in  the  rabbit,  dog,  or 
monkey.  Symptoms  preceding  death  as  observed  for  all  species 
studied  were:  weakness,  general  muscular  tetany,  occasional 
cramplike  spasm,  labored  breathing  which  became  slow  and  ir¬ 
regular.  Death  resulted  from  respiratory  collapse.  The  heart 
continued  beating  from  one  to  two  minutes  after  the  respiratory 
failure,  and  the  blood  pressure  generally  fell  only  after  breathing 
ceased  completely.  The  death  rate  was  the  same  in  narcotized 
and  unnarcotized  animals.  In  the  experiments  of  Hecht  and 
Weese  on  two  rhesus  monkeys,  the  first  toxic  symptoms  were 
observed  with  injection  of  600  mg. /kg.  A  single  therapeutic 
dose  is  generally  from  1  to  5  mg.  I  hus  the  ratio  of  the  effective 
therapeutic  dose  to  the  minimal  toxic  dose  is  between  1.7,200 
and  1:36,000 — “a  condition  which  has  not  been  equalled  in  any 
other  synthetic  or  natural  therapeutic  agent.” 

The  possibility  of  a  cumulative  toxicity  from  repeated  ad- 
ministration  of  large  doses  of  vitamin  B,  has  been  investigated 
bv  Hecht  and  Weese.  Rabbits  receiving  intravenously  50  mg./kg. 
daily  for  two  weeks  manifested  no  acute  effects  other  than  oc¬ 
casional  minor  symptoms  suggestive  of  collapse,  which  occurred 
immediately  after  injection  and  which  were  overcome  within  a 
few  minutes.  During  the  course  of  the  experiment  there  was 
no  loss  of  body  weight  or  appetite.  The  daily  urine  showed  no 
pathological  changes,  the  hemoglobin  content  and  erythrocyte 
count  remained  normal,  and  the  blood  pressure  and  e  ectrocardio- 
graoh  remained  unchanged.  Histological  examinations  of  the 
tissues  at  the  end  of  the  experiment  showed  no  pathological 
changes.  The  results  of  experiments  on  the  rhesus  monkeys  were 
also  negative  in  regard  to  possible  cumulative  toxicity  of  this 

VH  Because  of  the  great  difference  between  the  therapeutic 
. toxic  dose,  and  the  absence  of  evidence  of  cumulative  tox- 
icitv  vitamin  B,  is  a  remarkably  safe  therapeutic  agent  and  may 
be  used  without  concern  in  long-extended  treatment.  In  man 

specs 

&  <”  *  normal 

yeastlike  taste. 
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CHAPTER  VI 


PREVENTION  AND  TREATMENT 
Prevention 

The  physician  and  health  officer  have  been  defending  the 
community  against  infectious  diseases  for  many  years.  In  view 
of  the  recent  advances  in  nutrition,  the  community  should  soon 
be  better  protected  against  dietary  deficiency  diseases  than  it 
is  at  present.  Such  deficiency  diseases  can  be  eradicated  only 
when  adequate  amounts  of  a  well-balanced  diet  are  available  to 
and  assimilated  by  all.  During  the  past  few  years  science  has 
made  possible  immense  improvements  in  the  standards  of  living, 
but  complete  achievement  of  the  ideal  cannot  be  realized  until 
the  food  supply  of  the  people  as  a  whole  has  been  improved  and 
the  masses  informed  as  to  the  meaning  of  optimal  nutrition. 
Thus,  poverty  and  ignorance  are  two  principal  problems  which 
must  be  solved  if  vitamin  Bj  deficiency  is  to  become  a  disease 
of  the  past.  Poverty  is  intimately  associated  with  the  high  inci¬ 
dence  of  beriberi  in  the  Orient,  and  our  greatest  hope  of  preven¬ 
tion  lies  in  increased  prosperity  for  all.  In  addition  to  poverty, 
a  lack  of  information  as  to  the  need  for  an  adequate  and  well- 
balanced  diet  and  for  special  vitamin  B ,  supplements  is  respon¬ 
sible  for  the  high  incidence  of  vitamin  Bx  deficiency.  It  is  a  com¬ 
mon  fallacy  to  believe  that  one's  customary  diet  is  adequate 
or  that  appetite  is  a  correct  guide  to  the  proper  selection  of  food. 
Education  of  the  people  is  imperative  so  that  those  who  can 
afford  to  buy  the  relatively  inexpensive  protective  foods  will  do 
so,  whereas  those  who  cannot  afford  them  will  obtain  supple¬ 
ments  such  as  dried  yeast,  wheat  germ,  or  rice  polishings  through 
the  proper  relief  agencies.  Prevention  in  the  general  popu  ation 
might  be  obtained  if  manufacturers  incorporated  vitamin  Bx 

in  cereals  and  other  refined  foods.  _  u 

The  Health  Committee  of  the  League  of  Nations  has  made 

the  initial  move  toward  the  objective  of  universal  optimal  nu 

trition  by  establishing  figures  for  man's  ^^“oaLl  func! 
various  dietary  factors  necessary  for  normal  physiological  lu 

ti0nTJntii  such  time  the  incidence  of  beriberi  and  subclinical 
forms  of  vitamin  B,  deficiency  can  be  greatly  decreased  y 
application  of  the  following  recommendations. 
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1.  Fresh  foods  such  as  potatoes,  native  vegetables,  pork  and 
liver,  eggs,  milk  and  fruits,  and  especially  beans  and  whole  grain 
cereals  should  be  substituted  for  or  added  to  a  diet  of  decorticated 
cereals  and  dried  or  canned  foods  whenever  possible. 

2.  The  use  of  dried  yeast,  wheat  germ,  liver,  kidney,  and  vita¬ 
min  Bx  crystals  as  supplements  to  the  diet  should  be  encouraged 
whenever  possible.  The  expense  of  such  materials,  however, 
often  interferes  with  their  extensive  use. 

3.  Since  vitamin  Bx  is  water-soluble,  a  large  amount  of  it  is 
lost  when  the  water  in  which  the  foods  are  cooked  is  thrown 
away.  It  is  recommended,  therefore,  that  the  water  in  which 
foods  containing  vitamin  Bx  are  cooked  be  used  for  broths.  Whole 
barley  or  other  grains  which  are  rich  in  vitamin  Bx  may  be  added 
to  such  broths  to  insure  additional  protection. 

4.  The  use  of  undermilled  rather  than  overmilled  grains  should 
be  rigidly  enforced  among  government  troops  and  in  prisons, 
asylums,  and  other  institutions  where  mass  feeding  is  required 
(see  Chapter  VII).  Each  lot  of  grain  purchased  should  be  ex¬ 
amined  to  determine  whether  there  is  an  adequate  amount  of 
the  germ  and  of  the  external  layers  of  the  grain.  Since  molds, 
weevils,  and  other  infestations  deprive  cereals  of  this  vitamin, 
one  must  be  certain  that  the  grain  has  not  spoiled. 

5.  Particular  attention  should  be  directed  toward  the  diets 
of  persons  with  chronic  debilitating  diseases  and  increased  metab¬ 
olism,  for  the  incidence  of  vitamin  Bx  deficiency  is  high  among 
such  people.  Chronic  alcoholic  addiction,  pellagra,  sprue,  per¬ 
nicious  anemia,  colitis,  diabetes  mellitus,  tuberculosis,  senility, 
malignancy,  cirrhosis,  and  other  diseases  may  interfere  with  the 
proper  nutrition  of  the  patient  and  thus  predispose  to  the  de¬ 
velopment  of  vitamin  Bx  deficiency. 

6.  The  diets  of  pregnant  and  lactating  women  should  be  es¬ 
pecially  rich  in  vitamin  Bx.  Whenever  there  is  any  doubt  as  to 
the  adequacy  or  utilization  of  this  vitamin  either  in  the  mother 
or  m  the  child,  supplements  should  be  given.  The  supplements 
should  be  continued  in  the  mother  and  child  until  the  proper 
diet  is  assured  The  nursing  mother  should  receive  at  least  5 
milligrams  of  thiamin  or  its  equivalent  daily;  the  infant  should 
receive  0.5  milligram  per  day  or  its  equivalent,  and  children 
should  receive  1  milligram  or  its  equivalent  per  day. 

thp  a*,6  r®quirement  fpr  vitamin  Bx  may  be  distinctly  above 

PeTnS  W1*,  feTr>  severe  ^re-intestinal  symp- 
toms,  hyperthyroidism,  and  other  conditions.  It  is  essential  for 

npr<aPhyS1T^n  t0  Prescribe  amounts  above  the  average  for  such 

5  toTn'rJnf  auth0ruggest.f°r  such  a  maintenance  dose,  from 
5  to  10  milligrams  of  pure  vitamin  B,  or  its  equivalent  excerrt 
when  the  patient  is  unable  to  absorb  from  the  Ztoo-intSl 
rac  .  In  such  instances  it  is  essential  that  vitamin  B,  be  given 
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parenterally  in  order  to  protect  the  person  from  a  deficiency  of 
this  vitamin. 


Treatment 


Clinical  indications  for  vitamin  Bx  therapy.  Now  that  pure 
vitamin  Bx  is  available  for  clinical  use,  there  is  a  tendency  for  the 
physician  to  administer  it  in  many  diseases.  Undoubtedly  many 
patients  who  are  now  being  given  vitamin  Bx  do  not  have  a 
vitamin  Bx  lack  and  therefore  are  not  benefited  by  it.  Others 
who  could  be  benefited  by  this  substance  are  not  given  it,  or  if 
the  vitamin  is  prescribed,  it  is  prescribed  in  too  small  amounts. 
The  present  unsatisfactory  state  of  knowledge  is  due  to  lack  of 
precise  study.  Of  course,  it  is  axiomatic  that  an  adequate  and 
well-balanced  diet  is  of  utmost  importance  for  health.  When  the 
nature  of  the  patient’s  disease  causes  the  doctor  to  reduce  certain 
kinds  of  foods  in  the  dietary,  it  is  essential  that  supplements  be 
prescribed  in  such  a  way  that  all  necessary  elements  are  supplied 
in  the  required  amounts.  But  controlled  studies  are  necessary 
before  we  have  final  knowledge  as  to  the  precise  indications  for 
vitamin  Bx  therapy,  and  the  minimal  and  optimal  requirements 
for  man. 

The  Council  of  Pharmacy  of  the  American  Medical  Associa¬ 
tion  (2)  has  recently  stated  that  it  considers  the  following  to  be 
allowable  claims  for  vitamin  Bx  function: 


1.  May  be  cited  as  of  value  in  correcting  and  preventing  absence  or 
loss  of  appetite — anorexia — of  dietary  origin  in  certain  cases. 

2.  Of  value  in  securing  optimal  growth  of  infants  and  children. 

3.  Of  value  in  correcting  and  preventing  beriberi. 

4.  Because  it  is  a  dietary  essential  its  administration  in  concen¬ 
trated  form  is  of  value  in  some  conditions  where  difficulty  in  utilizing 

ordinary  foods  in  the  usual  way  is  encountered.  . 

5  There  are  many  experimental  indications  in  the  literature  in- 
dicating  other  possible  functions  of  vitamin  B,  e.g.,  an  influence  on 
intestinal  motility  and  neuritis  of  various  types  and  also  indications 
of  greatly  augmented  requirement  when  metabolism  has  increased 
as  in  hyperthyroidism,  neuritis  of  various  types,  and  infection, 
seems  too  early  to  permit  advertising  claims  for  these  items. 

The  authors  support  these  claims  toe’rf 

tsasrA  'x-’fSsa 

benefited  by  the  administration  o  this 

Stt'sEn:  ~ 


PREVENTION  AND  TREATMENT 


87 


ondary  to  dietary  deficiency  or  associated  with  undernutntion 
from  any  cause.  Also  a  trial  is  warranted  in  peripheral  neuritis 
and  edema  of  undetermined  origin,  though  it  is  obviously  too 
early  to  permit  advertising  claims  for  this  latter  group. 

Vitamin  Eh  has  been  recommended  in  the  treatment  ot  dis¬ 
eases  of  the  eye,  ear,  nose,  and  throat  (3,  4,  5,  6),  for  treat¬ 
ment  of  arthritis  (7,  8),  as  part  of  the  insulin  shock  therapy  ot 
schizophrenia  (9),  for  pain  following  gunshot  wound  in  the  head 
(10),  and  for  many  other  conditions  (11,  12).  The  authors  are 
unable  to  evaluate  such  recommendations,  but  it  is  our  belief  that 
vitamin  Bx  is  useful  in  the  treatment  of  such  disorders  only  if 
they  are  caused  by  a  deficiency  of  vitamin  It  is  often  diffi¬ 
cult  to  make  a  clinical  diagnosis  of  vitamin  Bj  deficiency  with 
any  degree  of  assurance,  and  certainly  many  subclinical  cases  go 
unrecognized.  This  leads  to  trial  and  error  methods  of  diagnosis 
and  therapy. 

It  is  hoped  that  in  the  near  future,  simple  diagnostic  clinical 
and  laboratory  methods  will  become  available.  Very  recently, 
Meiklejohn  (13)  has  applied  a  mold-growth  test  for  determining 
the  vitamin  Bx  content  of  the  blood  (see  page  220).  Using  a 
fluorescence  method,  Cline  and  his  associates  (14)  have  devised 
a  method  for  determining  excretion  of  vitamin  B2  in  the  urine 
(see  page  217).  These  tests  may  be  a  distinct  aid  in  determining 
whether  vitamin  Bx  is  indicated  for  such  miscellaneous  groups 
of  diseases.  Until  vitamin  Bx  deficiency  can  be  diagnosed  with 
certainty,  the  physician  should  prescribe  this  substance  when¬ 
ever  the  clinical  indications  warrant  its  use.  The  dosages  of 
thiamin  recommended  later  in  this  chapter  have  been  shown  to 
be  harmless  and  yet  effective.  A  steady  increase  in  its  use  will 
lead  to  quantity  production  and  to  a  resulting  decrease  in  cost. 
Yet  its  widespread,  unwarranted  use  will  lead  to  disappointment 
and  will  likely  cause  this  form  of  therapy  to  fall  into  disrepute. 

General  principles  of  treatment.  The  more  accurate  the  ini¬ 
tial  diagnosis  of  vitamin  B,  deficiency,  the  more  likely  is  the 
physician  to  avoid  futile  treatment  with  vitamin  B,  preparations. 
In  the  treatment  of  vitamin  B,  deficiency,  the  problem  is  simply 
one  of  administering  adequate  amounts  of  the  deficient  substance 
in  a  way  in  which  it  can  be  utilized.  In  the  adult  or  infant  the 
physician  should  direct  therapy  along  three  lines:  1.  There  should 
be  elimination  of  conditions  causing  excessive  requirement  for 

SfirJfc  twhenever  |?08Sible-  2'  There  should  be  administration 
of  the  substance  in  adequate  amounts  to  correct  the  deficiency 

colstingl, Seises  Sympt0matic  treatmen‘  “d  treatment  for 

Irrespective  of  predisposing  conditions  and  coexistine  dis 
eases,  the  authors  consider  the  manifestations  of  vitamm  B 
deficiency  as  beriberi.  It  is  axiomatic  that  vitamin  B^y 4 
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always  indicated  when  there  is  an  inadequacy  of  vitamin  but 
it  is  often  difficult  and  sometimes  impossible  to  demonstrate 
clinically  whether  a  vitamin  B,  deficiency  exists.  Hence  the 
absolute  indications  for  treatment  depend  upon  the  “clinical  in¬ 
formation”  available  to  the  physician. 

Method  of  treatment.  Since  the  minimal,  maximal,  and  op¬ 
timal  doses  of  none  of  the  therapeutic  substances  are  known  and 
since,  in  the  experience  of  the  authors,  the  following  amounts 
have  been  effective,  they  are  tentatively  recommended.  No 
routine  of  treatment  can  be  satisfactorily  followed.  Each  patient 
should  be  considered  individually  and  the  best  method  employed 
in  each  case.  Each  patient  ill  enough  to  be  hospitalized  should 
be  considered  as  an  emergency.  Any  change  for  the  worse  or  any 
failure  to  take  and  retain  either  the  food  or  therapeutic  agents 
should  be  a  signal  for  redoubled  efforts.  In  such  instances  care¬ 
ful  and  frequent  attention  by  the  physician,  nurse,  and  dietitian 
is  desirable  to  meet  varying  conditions  and  to  see  that  the  neces¬ 
sary  regime  is  carried  out.  Any  patient  severely  ill  with  vita¬ 
min  Bi  deficiency  should  remain  in  bed  until  his  condition  war¬ 
rants  greater  freedom.  Sedatives  and  adequate  nursing  care  often 
make  this  less  irksome.  On  a  number  of  occasions  the  authors 
have  noted  that  when,  against  advice,  a  very  ill  patient  got  up 
to  go  to  the  toilet,  he  was  worse  within  a  short  period  of  time. 
In  such  severe  cases  special  nursing  or  special  attention  by  gen¬ 
eral  duty  nurses  or  members  of  the  family  is  necessary  to  insure 
complete  rest  in  bed  and  co-operation  in  the  other  essential 
features  of  treatment.  In  order  to  treat  a  patient  properly,  it  is 


nopoeBorv  to  combine  sDecific  therapy,  symptomatic 
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of  severe  beriberi  even  larger  doses  of  crystalline  vitamin  Bi 
(thiamin)  may  be  indicated.  In  such  cases  it  seems i  wise  tc .ad¬ 
minister  20  milligrams  twice  per  day  until  the  signs  of  avitam 
osis  have  disappeared.  In  cases  of  mild  deficiency,  doses  ot  5 

milligrams  per  day  are  adequate.  ,  .  .  . 

Infant.  Infantile  beriberi  is  treated  best  by  giving  intra¬ 
muscularly  or  intravenously  5  to  10  milligrams  of  thiamin  m 
sterile  physiologic  solution  of  sodium  chloride,  twice  per  day. 
As  in  the  adult,  the  action  is  more  prompt  and  more  efficacious 
when  the  substance  is  given  parenterally  than  when  given  by 
mouth.  When  injections  cannot  be  given  conveniently,  or  when 
the  infant  is  convalescent,  10  milligrams  of  crystalline  vitamin  Bi 
or  an  alcoholic  extract  of  100  grams  of  rice  polishings  ( tikitiki 
extract)  may  be  given  orally  each  day.  Tikitiki  can  be  admin¬ 
istered  easily  with  a  medicine  dropper.  Obviously,  satisfactory 
anti-beriberic  treatment  of  the  mother  will  aid  greatly  in  the 
treatment  of  the  nursing  child. 

Parenteral  injections  are  always  indicated,  irrespective  of  age 
or  any  other  condition,  when  vitamin  Bi  deficiency  is  associated 
with  severe  cardiac  failure,  severe  peripheral  neuritis,  or  severe 
gastro-intestinal  disturbances.  When  the  patient,  infant  or  adult, 
is  extremely  ill,  we  recommend  that  at  least  the  initial  treat¬ 
ment  be  parenteral.  There  can  be  no  question  that  the  oral  ad¬ 
ministration  of  thiamin  in  adequate  doses  proves  efficacious  in 
the  average  case  of  vitamin  Bx  deficiency;  however,  it  must  be 
recognized  that  patients  are  encountered  who  are  refractive  to 
oral  medication.  In  view  of  this  fact,  solutions  of  thiamin  for 
parenteral  injection  may  be  required.  The  advantages  of  paren¬ 
teral  therapy  over  oral  treatment  include:  1.  Parenteral  admin¬ 
istration  causes  more  rapid  improvement  in  the  patient.  2.  There 
is  the  certainty  that  the  patient  will  actually  absorb  it.  A  de¬ 
ranged  gastro-intestinal  tract  cannot  serve  as  a  block  to  the 
absorption  of  the  medication.  3.  Massive  doses  of  the  active 
substance  can  be  given  more  easily.  4.  The  management  of  the 
patient  is  so  arranged  that  the  medication  is  given  under  the 
supervision  of  the  physician,  thus  eliminating  carelessness  or 
other  possible  interferences. 

Symptomatic  treatment  in  the  adult  and  infant.  Other  than 
vitamin  Bi,  there  are  no  specific  drugs  of  value  in  the  treatment 
ot  beriberi.  However,  symptomatic  treatment  often  affords  the 
patient  some  relief.  All  patients  with  beriberi  should  rest  as 
^  h/S/°SSlble;  ComPlete  rest  is  especially  indicated  in  cases 

h,  not  waC  “v(?lvement’  and  venesection  is  sometimes  indicated 
n  patients  who  have  acute  congestive  failure.  Extensive  pleural 
effusions  should  be  relieved  by  tapping.  When  the  peripheral 
nerves  are  involved,  protection  of  the  paralyzed  muscles  with 
splints  and  cradles  is  essential.  MassagPe  of  "The  muscles  iTof 
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prime  importance  in  cases  having  severe  muscular  atrophy,  and 
graduated  exercises  are  of  great  value  during  convalescence. 

Treatment  of  co-existent  diseases  in  adult  and  infant.  Some 
of  the  diseases  which  predispose  to  beriberi  are  discussed  in  Chap¬ 
ters  I,  II,  and  III.  These  can  be  conveniently  classified  into  three 
groups:  1.  Diseases  such  as  hyperthyroidism  and  fevers  which 
are  associated  with  an  increase  in  general  metabolism.  2.  Dis¬ 
eases  which  require  special  diets  which  may  be  deficient  in 
vitamin  Bx.  Liquid  diets,  soft  solid  diets,  high  carbohydrate 
diets,  reducing  diets,  and  diets  for  diabetes,  heart  disease,  peptic 
ulcer,  and  many  other  diseases  are  often  deficient  in  this  vitamin. 
3.  Diseases  accompanied  by  dietary  idiosyncrasies  or  digestive 
disturbances  which  cause  improper  ingestion,  assimilation,  or 
utilization  of  food.  Parenteral  administration  of  vitamin  Bi  is 
often  necessary  in  order  to  provide  adequate  amounts  of  the 
vitamin  for  patients  in  this  group.  The  appropriate  treatment 
of  these  diseases  often  aids  indirectly  in  effecting  relief  from  the 
symptoms  of  beriberi  itself.  In  general,  these  diseases,  like 
classical  beriberi,  should  be  treated  by  supplying  optimum  nu¬ 
trition.  At  times  it  is  necessary  for  the  physician  to  modify  the 
method  of  treatment  owing  to  some  complication.  However, 
specific  therapy,  whenever  indicated  for  any  of  the  other  diseases, 
should  be  given. 

The  clinical  response  to  vitamin  Bi  therapy  is  often  dra¬ 
matic.  In  the  acute  cases,  beginning  improvement  may  be  no¬ 
ticed  within  a  few  hours;  the  mild  cases  are  often  relieved  within 
twenty-four  to  forty-eight  hours.  In  the  chronic  case  there  is 
often  great  relief,  particularly  from  pain,  within  a  few  days, 
though  spasticity  and  alteration  of  physical  signs  may  remain  for 
a  long  period.  Occasionally,  in  chronic  cases,  some  residual 
changes  remain  indefinitely.  It  is  generally  recognized  that  the 
maintenance  requirement  and  the  curative  dose  vary  from  one 
individual  to  another  and  may  vary  in  the  same  individual  from 
time  to  time.  These  variabilities  necessitate  close  medical  super¬ 
vision  at  all  times. 


Available  Preparations  of  Vitamin  Bx 

Samoles  of  several  hundred  available  preparations  contain¬ 
ing  vitamin  B,  have  been  obtained  by  the  authors,  and,  when¬ 
ever  possible,  the  advertising  material  has  been  examined.  The 
conclusion  which  we  were  forced  to  draw  is  that  the  claims  mad 
bv  some  of  the  manufacturers  are  unwarranted  because  such 
claims  have  not  yet  been  substantiated  by  laboratory  or  clinical 
investigation.  In  some  instances  the  preparation  actually  con¬ 
tains  little  vitamin  Blf  in  others  the  potency  varies,  and  m  many 
th“  potency  has  not  been  determined.  One  cannot  impress  the 
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physician  too  strongly  with  these  facts  in  order  that  he  may  P 
scribe  preparations  of  known  potency  which  are  manu^^r^J 
by  a  reputable  concern.  In  this  way  only  can  the  physician  be 
certain  that  the  patient  with  vitamin  Bx  deficiency  will  have  a 
chance  to  be  benefited.  Even  among  those  concerns  trying  to  de¬ 
termine  the  exact  potency  and  to  make  just  claims  as  to  tne 
therapeutic  value  of  the  preparation,  difficulties  arise  because  o 
variations  in  determining  and  expressing  vitamin  Bx  units  (see 
Chapter  XVII,  pages  213-6).  A  great  deal  of  the  early  work 
was  reported  in  terms  of  Sherman  Units.  The  Sherman  method 
of  assay  depends  upon  the  growth  response  of  the  rat  to  graded 
doses  of  the  vitamin  Bj  preparations  which  are  being  tested.  In 
different  laboratories,  variable  results  are  obtained  on  the  same 
preparation  because  of  the  great  variety  of  methods  used,  the 
variation  in  the  growth  rates  of  different  strains  of  animals, 
and  insufficient  knowledge  of  the  effects  of  other  B  factors. 
Therefore  it  seemed  more  satisfactory  to  determine  the  vitamin  Bx 
potency  in  terms  of  a  standard  substance.  However,  the  Inter¬ 
national  Standard  material  chosen  for  this  purpose  has  proved  to 
provide  the  vitamin  in  a  form  which  is  only  partly  available  to 
experimental  animals  in  an  advanced  state  of  deficiency,  and 
further  confusion  has  resulted  (see  Chapter  XVII).  It  seems  un¬ 
wise  that  an  adsorbate  or  other  crude  form  should  still  be  used  as 
a  standard  when  pure  thiamin  hydrochloride  is  now  available. 
Great  difficulty  arises  when  attempts  are  made  to  convert  Sher¬ 
man  Units  into  International  Units  or  to  convert  Sherman  or 
International  Units  into  gamma  of  thiamin  hydrochloride.  In 
some  laboratories  one  International  Unit  is  considered  to  be 
equivalent  to  1.3  Sherman  Units,  while  in  other  laboratories  one 
International  Unit  is  said  to  be  equivalent  to  4  Sherman  Units. 
The  usual  value  is  that  one  International  Unit  is  equivalent  to 
approximately  2  Sherman  Units.  Apparently,  some  of  the  com¬ 
mercial  concerns  wish  to  continue  the  use  of  Sherman  Units 
simply  because  the  number  of  units  is  greater  when  expressed 
in  these  units  than  when  expressed  in  terms  of  International 
Units.  Many  commercial  concerns  do  not  describe  any  assay; 
they  simply  make  claims.  All  of  these  problems  add  greatly  to 
the  confusion  and  make  it  impossible  to  assess  fair  value.  It 
would  seem  distinctly  worth  while  for  some  laboratory  to  obtain 
a  number  of  preparations  and  to  determine  accurately  the  relative 
vitamin  Bj  content  of  each,  against  the  standard  of  pure  vita¬ 
min  crystals.  In  that  way,  and  in  that  way  alone,  would 
one  have  comparative  data  of  value.  For  example,  some  of 

p^Paratlonf  maY  be  grown  under  extraordinarily 
..win?'?  ,and  as  a  re®ult  wiU  have  a  relatively  constant 

^  s‘a,ndar,iized,  even  though  the  number 
ot  vitamin  B,  units  may  not  have  been  declared.  There  are,  how- 
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ever,  other  brands  of  yeast  which  are  in  the  nature  of  a  by¬ 
product,  and  these  brands  are  usually  not  grown  under  standard 
conditions.  The  authors  have  had  personal  experience  with 
various  commercial  preparations  of  wheat  germ,  yeast,  liver, 
ventriculin,  vitamin  B  concentrates,  and  pure  thiamin,  both 
in  the  laboratory  and  in  the  clinic.  Any  of  these  preparations, 
when  potent,  may  be  of  great  use  to  the  person  with  a  vitamin  Bi 
deficiency,  but  obviously,  none  of  these  preparations  can  replace 
entirely  a  well-balanced  diet.  Our  experience  shows  that  some 
of  the  preparations  are  much  less  potent  than  others,  and  we  are 
compelled  to  conclude  that  it  is  a  risk  for  the  patient  to  be  treated 
with  preparations  of  unknown  therapeutic  value.  Synthetic  vita¬ 
min  B1(  wdrich  has  been  shown  to  be  as  effective  therapeutically 
as  the  natural  vitamin,  is  of  unquestioned  potency  and  is  dis¬ 
pensed  by  a  number  of  commercial  concerns. 


1. 
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CHAPTER  VII 


HUMAN  DIETS  IN  RELATION  TO  BERIBERI 

The  character  of  treatment  in  this  chapter  and  the  succeeding 
one  will  present  a  marked  contrast  to  that  of  the  preceding  ones. 
The  reason  for  this  is  that  we  here  have  to  present  a  new 
standard  for  the  appraisal  of  diets  which  has  not  been  published 
elsewhere.  Accordingly,  we  have  felt  it  desirable  to  present  the 
evidence  in  some  detail. 

The  new  tentative  standard  has  arisen  out  of  the  re-examina- 
tion  of  the  voluminous  data  collected  and  scrutinized  by  Cowgill 
as  a  means  of  verifying  his  formula.  In  a  recent  publication  we 
ventured  the  prediction  that  his  data  would  prove  an  excellently 
conceived  basis  for  a  reappraisal  of  the  vitamin  B!  requirement 
of  man  (1).  At  that  time  we  scarcely  hoped  to  participate  so 
soon  in  the  fulfillment  of  the  prediction. 

Cowgill  (2)  has  analyzed  180  human  dietaries  which  have 
been  historically  associated  with  beriberi  or  with  its  absence 
among  particular  groups  of  people.  Included  among  these  are 
a  large  number  which  represent  minor  variations  of  one  another, 
such  as  optional  allowances  of  lesser  components  of  the  diet. 
A  further  number  is  made  up  of  diets  which  were  consumed 
alternately  on  successive  days.  Eliminating  such  minor  vari¬ 
ations  by  combining  them  into  a  composite  typical  of  each  group 
of  variants,  the  net  number  of  diets  analyzed  is  about  100. 

In  analyzing  these  diets  Cowgill  adopted  the  principle  that 
the  vitamin-calorie  ratio  required  rises  with  the  weight  of  the 
individual.  He  found  that  with  the  exception  of  ten  diets  the 
analyses  fell  in  fairly  well  with  his  predictions.  However,  we 
feel  that  the  principle  of  the  rising  requirement  as  to  vitamin- 
calorie  ratio  is  controverted  by  the  prevailing  evidence  (see 

Cha^ieave  this  principle  out  scarcely  spoils  the  fit  CowgUl  s 
figures  to  the  facts  about  incidence  or  non-incidence  of  beriberi. 
He  did  not  make  a  comparison  of  the  entire  list  of  beriberi-p  o 
during  diets  with  a  similar  list  of  the  non-benberi-producing  diets 
but  merely  compared  them  in  small  groups  which i  were  1ns- 
torically  associated  with  one  another.  A  comparison  of  C( iwgiU 
values  for  the  entire  category  of  the  one  sort  w  h  the  entne 
category  of  the  other  sort  is  brought  out  in  the  following  table. 
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Classification  of  Diets  by  Cowgill’s  Rating 


Vitamin/ Calorie 

Beriberi 

Non-Beriberi 

0.46-1.69 

50 

0 

1.70-1.99 

9 

8 

2.00-2.29 

6 

12 

2.30- 

1 

14 

Total 

50 

17 

18 
15 

100 


It  is  to  be  noted  that  there  is  a  rather  wide  range  of  vitamin/ 
calorie  values  in  which  appear  both  beriberi-  and  non-beriberi- 
producing  diets  in  similar  proportions. 

All  of  these  diets  have  been  reanalyzed,  using  the  thiamin 
contents  taken  from  the  tables  in  Chapter  XVIII.  In  the  fol¬ 
lowing  table  is  given,  under  the  column  “T/Calories,”  micro¬ 
grams  (7)  of  thiamin  in  the  diets  divided  by  calories.  We  use 
the  symbol  “T”  to  distinguish  our  own  estimates  of  thiamin  con¬ 
tent  from  those  of  Cowgill,  which  are  designated  “vitamin”  in 
accordance  with  his  practice. 


Classification  of  Diets  by  Thiamin-Calorie  Ratio 

T /Calories  Beriberi  Non-Beriberi 

.074- .229  52  1 

.230- .249  9  2 

250-279  2  2 

.280-  3  29 


Total 

53 

11 

4 

32 

100 


If  one  wishes  to  compare  Cowgilhs  absolute  values  with  our 
own,  the  former  may  be  converted  into  terms  of  the  latter  by 
multiplying  by  0.20,  the  value  in  the  terms  of  7  of  thiamin  of  the 
milligram  equivalent  unit  used  by  Cowgill.  His  dividing  line 
between  the  predominantly  beriberi-producing  diets  and  the  beri¬ 
beri-preventing  ones  is  about  Vitamin/calories  =  2.0,  or  in  terms 
0*7,  Vitamm/calories  =  0.4.  This  is  much  higher  than  our 
value,  T/calones  =  0.25,  for  the  dividing  line.  The  discrepancy 
is  principally  due  to  our  preference  for  values  of  thiamin  content 
based  upon  the  cure  or  prevention  of  polyneuritis,  while  Cowgill 
used  anorexia  prevention  values.  The  foods  chiefly  concerned 
with  the  discrepancy  m  these  diets  are  beef,  liver,  molasses  and 
several  vegetables  which  Cowgill  rated  higher  than  we  do!  He 
so  assigned  vitamin  values  to  fats  as  we  have  not  Further  we 

of  bea“ftehanahfrfiHll0I?in^  f°r  '°SSeS  in  sProuting  and  cooking 
ot  Deans  than  he  did.  All  these  matters  nvolve  large  elements 

of  judgment  concerning  which  much  could  be  said  pro  anTcon 

IeduceLh0andVhr’  'Vhat  the  Sharp  dividi"g  ^  Ken  beriberi- 

fable  i  a  reasnnfw  eT?reVen^lng  diets-  as  shown  «  the  above 
content  For  f  ?he l.f feT  °  °Ur  choices  of  value.  of  thiamta 
and  to^ow  for  others  thfrJlsri168  were,to°  hifh  for  some  foods 
would  be  displaced!* ^  Ve  P°Sltl0ns  of  the  several  diets 

In  Table  II  we  have  arranged  the  diets  in  the  ascending  order 


TABLE  II 

Reanalysis  of  Beriberi-Producing  and  Beriberi-Preventing  Diets 

From  Cowgill 
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of  their  thiamin-calorie  values  to  facilitate  a  comparison  of  these 
values  with  those  of  vitamin-calories.  Taking  the  diets  indi¬ 
vidually,  there  are  many  substantial  discrepancies  in  the  numer¬ 
ical  equivalence  of  the  two  ratios.  However,  looking  at  the  series 
of  diets  as  a  whole,  there  is  a  general  conformance,  that  is,  there 
are  relatively  few  diets  for  which  the  two  methods  would  lead 
to  contrary  predictions  as  to  the  occurrence  or  non-occurrence  of 
beriberi.  There  is  also  correspondence  in  the  fact  that  neither 
“vitamin  per  day”  nor  “thiamin  per  day”  furnishes  a  good  index 
of  the  incidence  of  the  disease,  whereas  either  the  ratio  vitamin- 
calories  or  thiamin-calories  does  so  to  a  very  significant  degree. 
This  further  justifies  Cowgill’s  proposition  that  the  vitamin  re¬ 
quired  is  related  to  the  amount  of  food  consumed.  For  further 
discussion  of  this  matter  see  Chapter  XX. 

For  these  diets,  the  thiamin-calorie  ratio  turns  out  to  be  an 
excellent  index  of  the  probability  of  beriberi.  There  are  only  three 
diets  (Nos.  37,  60,  64)  of  a  thiamin-calorie  ratio  less  than  0.25 
which  failed  to  produce  beriberi  and  only  five  diets  (Nos.  65,  66, 
79,  83,  85)  of  a  higher  ratio  than  those  which  are  recorded  as 
having  produced  beriberi.  Of  these  eight  discordant  diets,  four 
have  values  very  close  to  the  dividing  line.  The  remaining  four 
are  ones  which  are  discordant  with  any  proposed  index.  Prob¬ 
ably  the  recorded  information  about  these  diets  is  defective or 
erroneous  in  some  significant  particular  It  should  be  said  that 
in  general  the  original  data  available  about  most  of  the  diets 
referred  to  in  the  table  are  meager  or  only  approximate  in  char¬ 
acter,  so  that  the  degree  of  consistency  obtained  is  rather  sur- 

PnSWhile  there  is  no  reason  on  the  face  of  these  figures  for  mis¬ 
trusting  the  thiamin-calorie  ratio  as  an  index  to  be.™ber*'p!;°" 
ducing  quality,  there  are  other  reasons  for  seeking  a  different  in¬ 
dex.  In Chapter  XXI  there  is  reviewed  the  evidence  rega^ng 
the  effect  of  the  proportions  of  carbohydrate,  protein,  and  fat 
unon  the  vitamin  Bx  requirement  of  animals.  The  essence  of  the 
findings  is  that  the  requirement  rises  with  the  amount  of  carb?" 
hvdrate  consumed  but  falls  with  increasing  proportions  of  fat  in 
Thp  pffpct  of  proportion  of  protein  is  not  so  clear.  Ac- 

carbohydrate  ratio  did  not  prove  at  all  satisfactory  as  an  inde  , 
as  indicated  in  the  following  summary: 

Classification  of  D.bts  by  Thiamin-Cabbohybrat.  Ratios 

Beriberi  Non-Benben  Total 

3  54 


T /Carbohydrate 
0.58-1.20 
1.20-170 
1.70-2.50 
2.51-5.70 


61 

11 

5 

0 


10 

12 

8 


21 

17 

8 
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The  thiamin-non-fat-calorie  ratio  proved  to  be  fully  as  good 
an  index  for  the  diets  in  Table  II  as  the  thiamin-calorie  ratio,  in 
fact  somewhat  better.  Three  diets  (Nos.  37,  83,  and  85)  are 
highly  discordant,  but  they  are  ones  which  are  discordant  with 
any  index  and  probably  reflect  faults  in  the  original  dietary 
data.  Three  other  diets  (Nos.  60,  64  and  70)  are  slightly  dis¬ 
cordant  but  not  sufficiently  to  cause  great  concern.  The  border¬ 
line  is  clearly  at  or  near  a  ratio  of  0.3,  as  seen  below : 

Classification  of  Diets  by  Thiamin-Non-Fat-Calorie  Ratio 


T/NI’.C 

Beriberi 

N  on-Beriberi 

Total 

.082- .250 

50 

1 

51 

.251-. 300 

13 

4 

17 

.301-.350 

0 

6 

6 

.351- 

2 

24 

26 

100 


The  thiamin-non-fat-calorie  ratio  is  not  precisely  ideal 
theoretically  because  experiments  with  animals  have  shown  that 
the  natural  fats  from  different  sources  are  not  fully  equivalent  to 
one  another  in  “vitamin  Bi-sparing”  action  (see  pages  266-276). 
However,  practically  it  is  felt  that  in  any  mixed  diet  there  will  be 
a  sufficient  diversity  in  the  fats  which  are  present  so  that  the 
“sparing”  action  can  be  treated  as  being  moderately  effective  in 
all  diets.  As  we  shall  see  in  the  next  chapter,  the  thiamin-non¬ 
fat-calorie  ratio  provides  a  much  more  reasonable  picture  of  Oc¬ 
cidental  diets  than  the  thiamin-calorie  ratio.  Indeed  the  latter 
ratio  would  lead  to  a  prediction  of  widespread  beriberi  in  the 
United  States,  where  it  rarely  occurs  in  severe  form,  while  the 
former  does  not. 

Cowgill  recognized  the  desirability  of  compensating  for  the 
fatty  components  of  foods  and  took  care  of  the  matter  by  as¬ 
signing  a  value  of  thiamin  content  to  each  fat  or  fatty  food 
Experience  which  has  accumulated  since  his  book  was  written 
points  more  and  more  to  the  complete  absence  of  thiamin  in 
strained  fats  and  negligible  amounts  in  the  tissues  of  fat  depots. 
*s  e^p,edien1t  ls>  therefore,  theoretically  objectionable,  though  it 

whid? he  hadlif mimfree  ^  “  empi™al  the  P-Pose 

With  regard  to  the  fact  that  the  thiamin-carbohydrate  ratio 
proved  unsuitable,  whereas  many  animal  experiments  had  sug¬ 
gested  the  contrary  It  should  be  remarked  that  these  experiments 
all  involved  diets  of  very  low  fat  content  and  for  the  moTnart 

based  on  experiment?  with  pigeons  Ct^nt* the  ?tand' 
garded  as  “carbohydrate  builders”  in  calcuCng?heXLin  £ 
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quirement.  The  superiority  of  T/N.F.C.  to  T/carbohydrate  as 
an  index  of  beriberi  production  is  fully  in  accord  with  their  view, 
a  view  which  has  had  as  yet  little  support  from  other  quarters. 
We  shall,  therefore,  commit  ourselves  to  the  thiamin-non-fat- 
calorie  ratio  as  the  best  tentative  index  of  adequacy  for  protection 
of  the  average  individual  that  can  be  offered  at  present.  We 
entertain  considerable  hope  that  it  may  gain  respect  as  it  comes 
to  be  tried  by  others.  However,  it  is  realized  that  we  know  very 
little  about  the  possible  influence  of  many  factors  upon  the  vita¬ 
min  Bi  requirement  of  man.  Not  only  are  there  questions  of  the 
effects  of  adequate  or  inadequate  supplies  of  minerals  or  other 
vitamins  in  the  food  but  also  complications  of  physical  hardship, 
existence  of  infections,  etc.  (see  pages  85  and  86).  We  have  no 
expectation,  therefore,  that  any  index  will  prove  invariably  ap¬ 
plicable  where  subclinical  manifestations  of  deficiency  are  in¬ 
volved.  ,  .  . 

There  are  some  other  possible  ways  of  arriving  at  the  thiamin 

requirement  of  man.  Jolliffe  and  Goodhart  (4)  have  made  a  be¬ 
ginning  with  the  method  of  direct  experimentation.  They  found 
that  four  of  the  five  individuals  with  whom  they  have  experi¬ 
mented  to  date  showed  distinct  signs  of  deficiency  after  only  a 
week  or  ten  days  on  a  partially  deficient  diet.  The  signs  noted 
included  anorexia,  fatigue,  dyspnea,  precordial  pain  calf  pain, 
solar  hyperesthesia,  and  slight  electrocardiographic  changes  By 
carefully  following  the  excretion  of  vitamin  Bx  m  the  urine,  both 
prior  to  and  during  the  depletion  period,  as  well  as  in  a  post- 
experimental  period  during  which  substantial  known  amounts 
ofPthe  synthetic  vitamin  were  given,  correlative  data  were  ob¬ 
tained  which  add  greatly  to  the  seeming  trustworthiness  of  the 

0bSAnoth0er3posSible  approach  to  the  human  requirement  is  via 
the  composition  of  human  milk,  for  it  must  be  assumed  that 
normally5  fed  mothers  will  on  the  average  excrete  milk  which  is 
oHpnnate  for  their  young.  However,  our  knowledge  of  the  vita- 
mtn  B  content  of  human  milk  is  not  in  a  very  satisfactory  state. 

o  Thanter  XXII  )  Such  information  as  exists  indicates  a 
(S  Ln°t  lower  than  that  of  cow’s  milk,  but  further 

content  substantia  y  useful  study  in  this  connection 

am' “tent  of* t£K 

debatable  abtohiw  well  the  requirement  of  nursing  young  would 
calorieCrSatioy necessary  to  protect  against  beriberi  is  very  close 
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to  0.3.  Assuming  certain  proportions  of  fat  in  a  diet  of  2o00 
calories  per  day,  we  obtain  the  following  figures  by  way  ot  illus¬ 
tration  : 


Fat 

Non-Fat 

Calories 

Calories 

0 

2500 

500 

2000 

700 

1800 

1000 

1500 

Thiamin 
y  per  Day 

750 

600 

540 

450 


German  authorities  (5)  regard  the  minimum  requirement 
of  man  as  lying  between  250  and  750  y  per  day  and  quote  the 
Hygiene  Section  of  the  League  of  Nations  as  supporting  a  value 
of  300  International  Units  per  day.  This  quantity  the  Germans 
equate  to  600  y,  but  it  can  be  more  reasonably  taken  as 
1200  7  and  is  certainly  not  to  be  construed  as  less  than  900  y. 
This  League  of  Nations  estimate,  however,  is  intended  as  a  safe 
minimum  for  health  and  not  merely  for  protection  against  beri¬ 
beri.  Van  Veen  (6),  who  is  in  touch  with  the  Dutch  experience  in 
the  East  Indies,  estimates  that  150  I.U.  per  day,  which  he 
equates,  correctly  as  we  think,  to  600  y,  represents  the  minimum 
necessary  for  protection  against  beriberi;  200  I.U.  or  800  y  is 
regarded  as  a  safe  level  for  Orientals.  Some  British  authorities 
are  inclined  to  put  the  requirements  for  protection  somewhat 
higher,  viz.,  at  200-500  I.U.,  which,  according  to  the  conversion 
factor  used  by  them,  should  be  taken  as  equivalent  to  600  to 
1500  7  (7),  while  the  German  authorities  above  cited  express 
the  opinion  that  1  to  2  mg.  (1000-2000  7)  are  required  for  health. 
We  consider  the  latter  estimate  to  be  substantially  correct  for 
the  average  person,  the  higher  level  being  required  for  persons 
who  periorm  considerable  physical  work  and  accordingly  consume 
3000  to  4000  calories  per  day.  As  discussed  in  Chapter  VI,  some 
individuals  may  well  require  still  larger  amounts.  The  confusion 

regarding  conversion  factors  for  International  Units  is  discussed 
on  pages  213-216. 


The  question  of  milling  of  grain  is  of  prime  importance  for 
Unental  peoples  in  rice-eating  areas,  where  the  diet  is  much  less 
varied  than  in  the  West.  There  can  be  no  question  that  for  good 
nutrition  in  all  respects  these  Orientals  need  a  more  varied  diet 

Tg^ei  p™portlon  5>f  high-protein  and  so-called  protective 
toods^  To  take  the  view,  however,  that  the  Orient  must  continue 
to  suffer  from  beriberi  until  such  a  revolution  in  economic  status 
s  accomplished  is  well-nigh  a  counsel  of  despair.  We  regard  it 

riceaToIr  nolishedStrat^H  th&t  t+G  sole  substitution  of  unpolished 
beriberi  in  W  T rVe  to  eradicat*  most  of  the  outright 

entJl  peoples  ™  ^  enormously  improve  the  vigor  of  Ori- 

A  prohibitive  tax  on  polished  rice  has  been  frequently  pro- 
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posed  (8)  but  has  not  been  put  into  effect.  Difficulties  were  in¬ 
volved  in  lack  of  a  wholly 'suit  able  means  of  assaying  rice  for  its 
vitamin  content.  These  have  now  been  overcome  sufficiently  for 
practical  purposes.  Methods  such  as  those  used  by  Spruyt  (9) 
in  his  excellent  study  of  184  varieties  of  rice  would  undoubtedly 
serve.  Other  objections  still  exist.  Among  these  is  the  prejudice 
of  the  people  against  brown  undermilled  rice,  a  prejudice  quite 
well  paralleled  in  the  West  in  reference  to  dark  bread.  Some  of 
the  existing  objections  to  taxing  rice  are  quite  practical,  and  it 
will  require  considerable  experimentation  and  development,  as 
well  as  a  great  deal  of  public  promotion,  to  overcome  them.  They 
have  to  do  with  the  greater  tendency  of  undermilled  grain  to 
spoilage  by  weevils  and  by  the  development  of  rancidity.  Com¬ 
pared,  however,  with  the  problem  of  sanitary  distribution  of 
milk,  these  difficulties  are  not  insurmountable.  A  light  roasting 
or  parboiling  of -the  grain  would  serve  to  destroy  enzymes  causing 
rancidity  and  to  kill  the  eggs  of  beetles.  Transport  and  storage 
of  the  grain  in  paddy  form  so  as  to  secure  the  protection  afforded 
by  the  closely  adherent  husks  until  shortly  before  its  milling  and 
consumption  would  probably  be  helpful. 

Another  expedient  can  now  be  considered,  that  of  incor¬ 
porating  the  synthetic  or  natural  vitamin  in  the  diet.  Its  in¬ 
corporation  in  polished  rice  in  such  a  way  as  to  prevent  its  com¬ 
plete  removal  in  washing  prior  to  cooking  would  be  difficult. 
Aykroyd  has  shown  that  the  vitamin  is  caused  to  penetrate  the 
grain  during  the  parboiling  of  paddy,  but  such  a  process  carried 
out  at  commercial  centers  remote  from  points  of  consumption 
would  offer  new  hazards  of  spoilage  in  transit  and  storage.  A 
more  feasible  expedient  at  present  appears  to  be  the  incorporation 
of  synthetic  vitamin  in  the  domestic  salt  supply.  This  would 
necessarily  increase  the  price  of  salt  greatly,  but  since  this  com¬ 
modity  is  a  very  minor  item  in  the  family-  budget,  its  cost  would 
not  be  intolerable.  Government  regulation  of  the  matter  would 
probably  be  necessary  in  the  Orient.  Something  of  the  order  of 
1  gram  of  thiamin  per  kilo  of  salt  would  suffice,  and  the  uni¬ 
versality  of  the  use  of  salt  in  the  cooking  of  rice  would  insure  a 

reasonably  uniform  distribution  of  the  vitamin  JbUes^be 

lation  At  all  events,  some  such  expedient  can  doubtless  be 
found  which  would  eradicate  beriberi  long  before  a  complet 
economic  revolution  can  be  hoped  for. 
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CHAPTER  VIII 


OCCIDENTAL  DIETS 


We  have  considered  in  the  preceding  chapter  diets  associated 
with  clinical  beriberi.  As  beriberi  is,  for  the  most  part,  an  Ori¬ 
ental  disease,  it  is  of  interest  to  survey  the  diets  of  the  Occident 
to  develop  an  appreciation  of  the  reasons  which  underlie  the 
prevailing  geographic  distribution  of  this  disease.  Recognizing 
that  beriberi  does  occur  elsewhere  than  in  the  Orient,  it  is  never¬ 
theless  true  that  its  occurrence  in  epidemic  proportions  is  largely 
limited  to  Eastern  countries.  Why  should  this  be  so,  and  what 
is  the  margin  of  safety  against  beriberi  which  the  Western  world 


^  Some  years  ago  it  was  commonly  supposed  that  there  was  a 
great  gulf  with  respect  to  thiamin  content,  between  the  Oriental 
diets  associated  with  beriberi  and  those  of  Western  peoples  who 
were  almost  free  from  the  disease.  More  and  more  doubt  has 
been  thrown  upon  the  correctness  of  this  view,  but  opinion  is  still 
divided  One  group  has  taken  the  view  that  the  varied  diets 
typical  of  the  West  constitute  a  blanket  protection  of  the  popula¬ 
tions  against  a  deficiency  of  this  vitamin  For  example, 

( 1 1  states  “there  is  really  little  reason  to  believe  that  the  average 
English  or  American  dietary,  whether  it  includes  whole  meal 
bread  or  not,  contains  insufficient  vitamin  Bi  for  health.  Fo 
tunes  have  been  made  in  recent  years  out  of  the  sale  of  Vitamin 
^^preparations  in  tins  with  attractive  labels  ”  The  author  goes 
on  to  Ttate  “The  more  a  population  relies  on  a  single  cereal  for 
food  and  the  smaller  the  quantity  of  non-cereal  foods  in  the  diet, 
orpnfpr  becomes  the  importance  of  the  degree  of  milling  to 

abundance  of  it,  perhaps  by  the  consumpt.on  of  whole  meal 
breAt”the  other  extreme  is  the  view  that  seeds  constitute  the 

pri^r^y  of  thiamm 

whenever  man  practices  ,  bran  c^atSi  he  is  endangering 

fhaertadequeacyeof  h?s thiamin  supply  unless  his  total  carbohydrate 
intake  is  low. 
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Another  group  takes  an  intermediate  view.  They  hold  upon 
the  basis  of  general  observation  and  experience  that  there  is  a 
widespread  liability  to  vitamin  Bx  deficiency.  This  group  in¬ 
cludes:  Physicians  who  frequently  see  patients  with  clinical  signs 
of  a  deficiency  of  vitamin  Bx  (see  pages  4,  5)  and  students  of 
nutrition  who  have  studied  the  dietaries  in  large  numbers  of 
families.  For  example,  in  reporting  a  study  of  the  nutritive 
value  of  the  diets  of  families  in  the  North  Atlantic  states, 
Stiebeling  (2)  states,  “Of  the  nutrients  considered,  protein  ap¬ 
pears  to  be  the  one  most  abundantly  furnished  with  reference  to 
need,  and  calcium,  iron  and  vitamin  B,  the  least.” 

A  dietary  survey  on  a  large  number  of  American  dietaries  in 
various  sections  of  the  United  States  (3)  gives  general  support 
to  the  view  that  the  American  diet  may  fail  to  supply  an  ade¬ 
quate  amount  of  vitamin  B^  It  will  be  noted  that  in  most  in¬ 
stances  in  the  following  tabulation  (Table  III)  the  ratio,  thiamin/ 
calories,  falls  near  or  below  the  beriberi  borderline.  In  two  in¬ 
stances  the  thiamin/non-fat-calories  also  closely  approaches  it 
and,  in  a  third,  actually  sinks  below  it,  presumably  an  evidence 
of  a  defect  at  some  point  in  our  procedure  or  in  the  record  of 
facts.  While  the  latter  ratio  cannot  be  accepted  with  finality  as 
the  correct  index  of  thiamin  adequacy,  it  appears  to  be  a  sub- 

TABLE  III 

Vitamin  Bi  Content  of  Diets  of  Families  of  Wage  Earners  and  Low- 

Salaried  Clerical  Workers  (4) 


Weekly  Ex¬ 
penditure 
per  Food 
Constitu¬ 
ent 

Thiamin 
per  Day 

Calories 
per  Day 

600 

2550 

2.00-  2.66 

735 

2960 

2.67-  3.32 

885 

3310 

3.33-  3.99 

945 

3840 

4.00-  4.66 

1200 

4140 

1.33-  1.99 

780 

2570 

2.00-  2.65 

840 

3100 

2.67-  3.32 

960 

3660 

3.33-  3.99 

1065 

4140 

4.00-  4.66 

1125 

4340 

.67-*  1.32 

495 

2620 

1.33-  1.99 

735 

3050 

2.00-  2.66 

855 

3470 

2.67-  3.32 

1095 

3980 

.67-  1.32 

570 

2450 

1.33-  1.99 

840 

3460 

2.00-  2.66 

1180 

4470 

2.67-  3.32 

1260 

4880 

900 

2500 

600 

2500 

Region,  Number  of 
Families 


North  Atlantic,  1394  white 
families . 


Pacific :  688  white  families 


East  South  Central : 
426  white  families 


South:  284  Negro  families 


Sherman  —  Average  Amer. 

Diet  (Cowgill  p.  186)  .  . 
American  Family  on  Food 
Relief  (Cowgill  p.  194) 
Assumed  borderline  for  clini¬ 
cal  beriberi  .  .  . 


Cal. 


.235 

.248 

.276 

.246 

.290 

.303 

.271 

.262 

.257 

.259 

.189 

.241 

.246 

.275 

.232 

.243 

.242 

.259 

.360 


Fat 
Calories 


601 

717 

915 

989 
1165 

705 

785 

975 

1095 

1325 

685 

800 

990 
1185 

660 

1070 

1280 

1445 

830 


Non-Fat 

Calories 


1949 

2243 

2395 

2951 

2975 

1765 

2315 

2685 

3045 

3015 

1935 

2250 

2480 

2800 

1790 

2390 

3190 

3435 

1670 


N.F.C. 


.308 

.329 

.370 

.320 

.404 

.442 

.363 

.357 

.349 

.373 

.256 

.327 

.344 

.391 

.318 

.351 

.339 

.367 
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stantially  better  index  for  the  great  majority  of  typical  mixed 
diets  of  the  Western  world  than  any  other  which  is  now  available. 
Clearly  the  simple  thiamin-calorie  ratio  cannot  apply  to  people 
on  these  diets.  If  it  did,  there  would  be  a  significant  incidence 
of  forthright  beriberi  among  them.  Viewed  in  the  light  of  all  the 
facts,  the  poorer  populations  of  the  United  States  appear  to  owe 
their  freedom  from  beriberi  as  much  to  the  relatively  liberal  fat 
content  of  their  food  as  to  a  greater  liberality  of  thiamin  supply, 
as  compared  with  the  people  of  the  Orient.  Such  a  favorable 
effect  of  fat  in  the  diet  is  well  borne  out  by  animal  experiments 
(see  Chapter  XXI). 

Although  due  allowance  must  be  made  for  possible  errors  in 
estimating  the  thiamin  content  of  foods  and  for  errors  in  con¬ 
verting  Sherman  Units  to  7  of  thiamin,  the  data  in  Table  III 
show  that  for  the  average  person,  many  of  these  diets  afford  very 
little  margin  above  any  definable  borderline  for  beriberi,  so 
much  so  that  one  might  expect  an  appreciable  incidence  of  beri¬ 
beri  in  such  families.  Clinical  studies  on  fifty  severe  endemic 
pellagrins  showed  that  thirty-one  had  some  evidence  of  peripheral 
neuritis.  This  neuritis  improved  following  the  administration  of 
large  amounts  of  yeast,  and  presumably  vitamin  deficiency 
played  a  role  in  the  development  of  the  polyneuritis  (see  page 
45).  It  must  be  borne  in  mind  that  studies  of  the  dietaries  of 
families  or  groups  of  persons  sharing  a  common  food  supply  re¬ 
veal  only  the  average  intake.  To  determine  how  satisfactory  a 
diet  is  for  an  individual,  we  should  know  the  kind  and  amount  of 
food  each  consumes.  For  many  reasons  an  individual  may  fail 
to  eat  his  theoretically  allotted  share  of  the  group  food  supply. 
There  are  many  recorded  instances  in  the  literature  in  which 
one  member  of  the  family  has  contracted  clinical  forms  of  a  de¬ 
ficiency  disease  because  of  individual  idiosyncrasies.  There  is 
little  information  available  on  the  dietaries  of  individual  members 
of  a  family  or  group,  or  on  the  dietaries  of  persons  who  are  not 
members  of  a  household  or  group.  Studies  of  this  kind  should 

be  As  additional  evidence  regarding  thiamin  content  of  American 
dietaries  and  the  significance  of  the  two  ratios  which  have  been 
discussed,  we  also  show  in  the  above  table  our  analysis  of  two 
relativelv  good  diets  which  Cowgill  has  discussed. 

A  striking  fact  about  Occidental  diets  is  that  they  are  not 
immeasurably  superior  to  those  of  the  East  in  absolute  thiamin 
content  As  compared  with  some  of  the  diets  which  Cowgill  has 
pointed  out  as  associated  with  beriberi,  the  thiamin  contents  m 
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contain  a  high  percentage  of  grain.  The  degree  of  decortication 
of  the  grain  is  often  all-important  in  such  cases.  The  two  diets 
used  by  Fraser  and  Stanton  in  their  classical  experiments  illustrate 
this  point  forcibly. 

TABLE  IV 


Comparison  of  Oriental  and  Occidental  Diets 


Diet 

Borderline  for  beriberi  in  starchy  diets 
Selangor  Jail  1895  Penal 
Ryujo  Cadets 

Fraser  and  Stanton  I  (polished  rice) 

Fraser  and  Stanton  II  (parboiled  rice) 
Sherman’s  Average  American  Diet 
American  Family  on  Food  Relief 

It  is  assumed  that  2500  calories  a  day  were 


Daily  Thiamin  Intake,  Mgs. 

Cowgill’s  Values 

Authors’  Values 

1 

.6 

.76 

.59 

.72 

.53 

.43 

.29 

1.25 

1.39 

1.37 

.90 

1.35 

1.00 

consumed  in  all  cases. 


More  and  more  the  opinions  of  students  of  nutrition  appear 
to  be  veering  toward  attaching  great  importance  to  decortication 
of  grain.  A  noteworthy  paper  which  emphasizes  this  viewpoint 
is  that  of  Baker,  Wright,  and  Drummond  (4).  These  authors 
traced  the  progress  of  the  increasing  use  of  white  flour  to  the 
introduction  of  the  silk  bolting  cloth  in  1840  and  of  roller  mills 
in  1870  to  gratify  a  popular  demand.  They  estimate  that,  as  a 
consequence  of  the  progressive  milling  of  wheat,  “the  best  fed 
members  of  the  population  today  are  getting  twice  as  much 
vitamin  Bx  as  people  on  a  low  income  level,  yet  consume  less 
vitamin  B1  than  the  parish  poor  of  the  eighteenth  and  earlier 
nineteenth  centuries.” 


There  can  be  no  doubt  that  the  use  of  varied  diets  is  con¬ 
ducive  to  health.  The  so-called  protective  foods  undoubtedly 
contribute  essential  mineral  elements  as  well  as  necessary  vita¬ 
mins  to  the  diet,  but  we  feel  that  the  importance  of  these  pro¬ 
tective  foods  with  respect  to  thiamin  intake  has  been  considerablv 
exaggerated  in  the  minds  of  students  of  nutrition. 

As  pointed  out  elsewhere  (Chapters  XVIII  and  XXVIID 
thiamm  is  present  in  virtually  all  tissues  of  plants  or  animals 
which  are  used  as  food..  However,  the  proportions  are  prevail¬ 
ingly  very  small,  that  is,  less  than  one  part  per  million  In 
striking  contrast  to  the  distribution  of  vitamin  A,  there  are  no 
super-rich  sources  of  thiamin  among  the  common  foodstuffs 
so  that  it  is  not  possible  by  occasional  serving  of  a  particular 

he  dt°tmve  f0,r  ^  deficiencies  of  the  major  components  of 
tit  Yea+Stuand  wheat  germ  are  now  sometimes  used  as  such 

m,oner  «„!  p,°p0«d  b,  j»nsen  ,,  ,leeu„ , '5'“*"“  “  ,h' 

whole  seeds,  pork,  milk,  liver !  heart/and  kidjy  “de 
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II.  The  diluents,  notably  white  flour,  polished  rice,  macaroni, 
spaghetti,  white  breakfast  cereals,  cane  sugar,  and  molasses. 

III.  The  neutral,  or  indifferent,  sources,  which  include  meats 
(other  than  pork  and  internal  organs),  fresh  fruits,  and  vege¬ 
tables.  These  are  sufficiently  low  in  thiamin,  or,  because  of  their 
high  water  content,  are  consumed  in  relatively  small  quantities 
on  a  dry-weight  basis,  so  that  they  do  not  alter  greatly  the 
thiamin-calorie  ratio  of  the  diet.  They  are,  of  course,  much 
superior  to  added  quantities  of  the  diluent  class. 

In  the  light  of  recent  studies  the  fats  and  fatty  foods  should 
receive  special  consideration  as  a  fourth  class. 

At  the  present  time  the  uncertainty  with  regard  to  the  actual 
thiamin  content  of  Occidental  diets  is  of  the  same  order  of  magni¬ 
tude  as  any  possible  difference  between  Western  and  Eastern  di¬ 
ets.  It  is  impossible  to  affirm  or  to  deny  conclusively  the  propo¬ 
sition  that  the  average  Western  diet  contains  adequate  thiamin 
for  good  health.  Certainly  it  must  be  more  adequate  than  the  di¬ 
ets  of  those  countries  where  beriberi  is  so  prevalent,  but  there  is 
in  all  probability  a  great  difference  between  the  level  necessary  for 
excellent  health  and  that  which  is  required  for  the  prevention  of 
clinical  beriberi  (see  Chapter  VI).  We  must  await  more  in¬ 
formation  on  this  point  before  we  can  say  whether  or  not  public 
health  demands  the  abandonment  of  decortication  ot  grains, 
both  in  the  East  and  in  the  West.  The  advent  of  a  reliable 
chemical  method  of  assay  would  promote  greater  certainty  ol 
knowledge  with  regard  to  the  thiamin  content  ot  ioods. 


Appraisal  of  Particular  Diets 

Physicians,  nutritionists,  and  other  groups  frequently  feel 
the  need  of  a  practical  and  ready  means  of  estimating  the  ade- 
ouacv  of  diets  in  respect  to  their  thiamin  content  A  rough  esti¬ 
mate  which  may  be  of  assistance  in  avo^‘nbfe  b^d ^  “^1) 
rations  may  be  made  conveniently  from  Table  V  (page  lU)t 
which  gives  the  thiamin  content  of  a  variety  of  foods  in  terms 
_f  thp  average  serving.  Opinion  as  to  what  constitutes  an  aver- 
aL  ser^ng  may  V^y  but  this  variation  probab  y  is  not  much 
than  the  degree  of  uncertainty  of  the  actual  thiamin  value 
Particular  specimen  of  the  food  under  consideration.  In 
tL  few  distances  in  Phich  large  numbers  of  samples  of  any 
particular  fooS  have  been  examined  carefuUy,  there  . s  much 
r.n"hat  a  wide  variation  exists  =  e  -plea  The 
variation  is  pn *umably  due  to  -  *  Qr  freghness  of  vege. 
the  species,  the  ripeness  ol  seed  »  f  Lmmercial  process  of 

tables,  length  of  of  a  given  staple  food  which  is 

preparation,  etc.  The  ch  ^ay  differ  markedly  from 

^etoVace  and  from  time  to  time.  On  these  differences  are 
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superimposed  those  due  to  variation  in  the  methods  of  prepara¬ 
tion  for  the  table  (6). 

The  Thiamin  Content  of  Therapeutic  Diets 

Given  a  sufficiently  wide  variety  of  foods  from  which  to 
choose,  enough  money  with  which  to  purchase  them,  a  knowl¬ 
edge  of  the  essential  components  of  an  adequate  diet,  and  the 
wisdom  to  apply  this  knowledge,  there  should  be  no  difficulty 
in  selecting  a  diet  which  provides  an  adequate  amount  of  thi¬ 
amin  for  normal  needs.  However,  difficulty  may  arise  if,  for 
therapeutic  purposes,  it  is  necessary  to  reduce  the  food  intake 
or  to  omit  certain  foods. 

That  many  types  of  therapeutic  diets  are  prescribed  may 
be  seen  by  glancing  through  the  table  of  contents  of  any  one  of 
the  textbooks  on  diet  in  disease.  While  it  is  beyond  the  scope 
of  this  book  to  examine  a  large  number  of  these  diets  in  regard 
to  the  thiamin  they  supply,  a  few  of  them  have  been  evaluated. 
Table  VI  is  a  summary  of  the  diets  examined.  Two  of  the  diets 
are  shown  in  detail  in  Tables  VII  and  VIII. 

In  considering  such  diets  it  seems  best  to  give  weight  to  all 
possible  criteria  as  we  do  not  know  which  index  is  most  trust¬ 
worthy  for  diets  of  these  unusual  types.  Accordingly  the  values 
for  total  thiamin  intake,  and  for  the  two  ratios  as  well,  should  be 
brought  up  to  the  minimum  levels  indicated  in  Table  VI  as 
desirable.  If,  in  order  to  meet  one  of  these,  the  minimum  levels 
for  the  others  are  greatly  surpassed,  no  harm  will  be  done. 

These  particular  diets  demonstrate  how  inadequate  a  diet 
may  be  if  the  restriction  imposed  prevents  the  inclusion  in  the 
dietary  of  foods  which  are  good  sources  of  thiamin.  It  is  some¬ 
times  impossible  to  improve  the  diet  by  food  alone,  and  in  such 
instances  thiamin  supplements  should  be  prescribed.  The  two 
1000  calorie  diets  demonstrate  the  need  of  careful  selection  of 
food  in  planning  a  restricted  diet.  If  a  wise  choice  of  food  is  made 
thiamin  may,  in  some  instances,  be  supplied  in  an  adequate 
amount  for  normal  needs  and  still  keep  the  calories  low.  If  an 

Chmne  °/  f,°°d  ls.made>  there  *s  a  certainty  of  shortage  of 
thiamin  The  failure  of  a  patient  to  make  a  wise  selection  o 

instruction*  He  should' nT/h  d-UV°  P°f  °r  insufficient  dietary 

foods  which  will  assure  his  havine  /dipt  oT  an?ount  those 
thiamin  but  in  ^  JheeiLfeu^8de,1Uate-  n0t  * 

attentions^  be' faM  t  1000  cal°™  diet, 

diets  when  whole  wheat,  rather  than"  whitebr^d  Jsused'  ** 


TABLE  V 

The  Thiamin  Value  of  Average  Servings  of  Some  Common  Foods 
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PART  II 

HISTORICAL  AND  EXPERIMENTAL 


CHAPTER  IX 


DISCOVERY  OF  THE  VITAMINS 

During  the  era  of  exploration  inaugurated  by  Columbus, 
the  lure  of  the  gold  and  gems  of  India  and  Cathay  was  held 
forth  as  the  incentive  alike  to  monarchs  and  sailors.  However,  a 
retrospective  survey  of  this  era  and  of  the  subsequent  colonial 
expansion  of  Western  nations  reveals  small  returns  in  gold  to 
Europe.  Indeed,  when  one  takes  into  account  not  only  com¬ 
merce,  but  also  the  expense  of  outfitting  armies,  as  well  as  the 
humanitarian  enterprises  of  the  West,  as  expressed  in  mission¬ 
ary  ventures  of  the  church  and  of  modern  medical  foundations, 
the  flow  of  wealth  has  probably  been  predominantly  in  the  op¬ 
posite  direction.  Such  material  benefits  as  have  accrued  have 
been  mutual  and  have  resulted  from  exchange  of  products  and 
ideas. 

The  exchange  has  not  always  been  beneficial,  for  we  have 
traded  infectious  diseases  with  the  East  and  there  is  nowadays 
a  growing  clash  of  alien  social  and  national  traditions.  The  art 
of  medicine,  though  not  necessarily  the  state  of  public  health, 
has  benefited  from  the  exchange.  Europe  got  the  plague  from 
the  Orient  in  the  late  Middle  Ages,  but  certain  aspects  of  its 
appearance  remained  a  puzzle  till  the  outbreak  of  pneumonic 
plague  in  Manchuria  in  1912.  Then  an  International  Commis¬ 
sion  determined  the  organism  to  be  identical  with  that  of  bu- 
m<bi  igU£  an,d  so  cleared  UP  discrepancies  in  the  stories  of 

a  LOund?n  in  1348-  We  gQt  cinchona  bark 

om  Indians  of  South  America,  ephedrine  from  China,  and 

chaulmoogra  oil  from  Burma  as  samples  of  primitive  medicine. 
durWhthnge  We  ?aVe  a  Ch°1Ce  selection  of  our  maladies  and, 
of  modern  3  b°nUS  °f  SOme  substantial  a‘ds 

,  ,Tlie  contact  between  East  and  West  has  played  an  imnor- 

ha  of  rthenH°fienmg  U£  ne?  chaPters  of  medicine,  among  them 
W  LI  ‘he  deficiency  disorders,  a  chapter  which  may  some  dav 
be  regarded  as  rivaling  in  importance  the  discovery  of  rL,7 
organisms  as  causative  factors  in  disease  The  contributions  f 

1 23 
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States,  and  of  American  physicians  in  the  Philippines  not  only 
immeasurably  forwarded  the  study  of  beriberi  directly  but  had 
much  to  do  with  inspiring  dietary  researches  in  Europe  and 
America.  Independent  nutritional  studies  in  the  West  might 
have  effected  an  unraveling  of  the  tangled  clues  to  these  dis¬ 
orders  without  intervention  of  the  East,  but  it  is  highly  im¬ 
probable  that  general  interest  should  have  been  aroused  so  early 
nor  have  been  so  well  sustained  without  the  picture  before  us 
of  a  dramatic  disease  of  dietary  origin  affecting  the  teeming 
millions  of  Oriental  lands.  One  would  not  have  predicted  that 
Western  nations  might  ultimately  profit  more  by  study  of  its 
poverty  and  distress  than  by  seizure  of  the  wealth  of  the  fabled 
East.  No  more  can  one  predict  that  the  names  of  Takaki,  Eijk- 
man,  Funk,  and  perhaps  others  may  not  be  held  in  an  esteem 
by  a  future  generation  comparable  with  the  reverence  which  we 
accord  to  Pasteur  and  to  Lister. 

Vitamin  as  the  authors  prefer  to  designate  it  for  reasons 
which  will  later  appear,  first  came  to  light  through  the  activi¬ 
ties  of  students  of  the  Oriental  disease,  beriberi.  One  of  the 
earliest  advocates  of  the  dietary  theory  of  the  origin  of  beriberi 
was  the  Surgeon  General  of  the  Japanese  Navy,  Takaki  (1).  He 
became  convinced  of  this  idea  by  observing  the  disease  in  the 
Japanese  Navy  and  was  able  in  1884,  by  change  in  the  ration, 
to  eradicate  it  almost  completely.  Whereas  between  the  years 
1878  and  1883,  inclusive,  there  had  been  an  incidence  of  the 
disease  ranging  from  23  to  40  per  cent  of  the  entire  force,  the 
incidence  has  not  reached  even  per  cent  in  any  year  since 
1885.  The  principal  change  in  the  diet  which  was  responsible 
for  this  astonishing  result  was  the  substitution  of  a  moderate 
amount  of  meat  and  legumes  for  a  portion  of  the  rice  which  had 
previously  constituted  a  substantial  fraction  of  the  food.  Later, 
partial  substitution  of  barley  for  rice  was  also  Pfacticed.  The 
dietary  changes  were  sufficient  in  number  to  render  diffira 
an  adequate  analysis  of  their  precise  significance.  It  was  Ta- 
kaki’s  early  opinion  that  the  improvment  resulted  from  an  in¬ 
crease  in  the  protein  content  of  the  food.  Hisease 

Takaki’s  experience  converted  few  .s‘udent*  °* ' “fi. 
to  the  dietary  theory,  and  a  more  specific  hypothes>s  w  t o .  the 
cause  of  beriberi  did  not  develop  until  1897,  when 
(2)  in  Java  demonstrated  that  a  paralytic  conation  resemb  g 
beriberi  could  be  developed  in  fowls  by  feeding  them  upon  a 
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the  disease  did  not  develop  if  the  fowls  were  fed  upon  un¬ 
polished  rice,  and  that  it  could  be  prevented  by  the  administra¬ 
tion  of  rice  polishings  to  birds  which  were  otherwise  ted  ad 

libitum  upon  polished  rice.  _ 

Eijkman  recognized  the  resemblance  of  the  experimental 

disease  produced  in  fowls  to  that  of  beriberi  and  after  a  few 
years  came  to  believe,  with  his  successor  Grijns,  that  the  dis¬ 
eased  condition  was  due  to  the  deficiency  of  some  substance 
which  was  present  in  abundance  in  the  whole  rice  grain,  but 
absent  from  the  starchy  kernel.  In  this  way  the  deficiency  theory 
of  the  origin  of  beriberi  came  to  be  definitely  formulated.  This 
theory,  however,  had  few  adherents  for  many  years,  and  was 
opposed  by  those  who  attributed  beriberi  to  some  form  of  in¬ 
toxication  or  infection.  It  was  not  until  Fletcher  at  Kuala 
Lumpur  in  1905  (3)  and  Fraser  and  Stanton  in  1909-1910  pub¬ 
lished  their  important  studies  of  the  human  disease  in  the  Malay 
States  that  this  idea  regarding  its  etiology  was  taken  seriously 
outside  the  Dutch  colonies.  Fletcher’s  experiment  was  con¬ 
ducted  in  an  insane  asylum  which  had  been  subject  periodically 
to  epidemics  of  beriberi.  At  the  outset  the  patients  were  all 
numbered,  the  odd-numbered  ones  going  to  one  ward,  the  even 
to  another.  The  first  ward  was  supplied  with  white  rice,  the 
second  with  brown  (cured)  rice.  Of  153  patients  who  occupied 
the  first  ward  for  longer  than  a  month  65  developed  beriberi  in 
the  course  of  the  experiment,  which  was  of  two  years’  duration  ; 
of  154  patients  who  remained  for  similar  times  in  the  second 
ward  not  one  developed  the  disease. 

/jj^e  other  notable  research  involved  three  hundred  laborers 

divided  between  two  railroad  labor  camps.  To  one  of  these 

kraser  and  Stanton  issued  the  customary  white  rice  as  a  staple 

“  dlet>’  to  the  other,  “cured”  rice,  retaining  a  large  part 

ol  the  bran  coats.  In  about  three  months’  time  a  severe  epi- 

emic  o  beriberi  occurred  in  the  white-rice  camp,  while  the 

cured-rice  camp  remained  free  from  the  disease.  Later  the  rice  is- 

w7lfe  r?versed  m  the  two  camps.  This  was  promptly  fol- 

first  camn  U<k°n  and  d\saPPeara™e  of  the  disease  in  the 

nrst  camp  and  the  subsequent  development  of  an  enidcmir  nf 

benben  in  the  second  These  experiments,  together  with  many 

«onf-rSi  "11C  I,  Present'y  followed,  carried  conviction  of  the  ea 

fnr’lh  s“undnes®. of  Eijkman’s  deficiency  theory  as  accounting 

had  been  a  moving  spirit  in  prfl?hpef^ndKbe^kU^erVedder  hlmself 

PinThCe°htS  P  rtrodu-"-Po;Ltdgritmto  h°e™ 

The  book,  however,  which  attracted6  world^dJl’Ztion 
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was  that  of  Funk  (6).  Apparently  Funk  caught  much  of  his 
inspiration  from  Fraser  and  Stanton,  for  his  early  chemical  ex¬ 
periments  followed  along  the  lines  which  the  latter  had  pursued. 
Funk,  however,  after  what  must  have  been  a  wide  and  intensive 
course  of  reading  of  the  literature,  boldly  projected  the  defi¬ 
ciency  theory  as  the  cause  not  only  of  beriberi  but  also  of  scurvy, 
rickets,  and  pellagra.  The  scientific  intuition  displayed  in  his 
book  was  of  the  highest  order,  and  the  much  maligned  name, 
vitamin (e),  which  he  gave  to  the  exogenous  hormones  which 
he  supposed  necessary  for  the  prevention  of  these  disease  con¬ 
ditions  was  a  stroke  of  genius.  It  is  unfortunately  true  that  the 
word  has  been  capitalized  by  charlatans  to  prey  upon  the  gulli¬ 
bility  of  doting  mothers  in  an  unconscionable  way.  However, 
such  a  captivating  word  was  necessary  to  focus  the  attention  of 
the  public  and,  in  turn,  of  science  upon  the  possibilities  of  the 
field.  Vedder’s  more  staid  “beriberi  preventing  substance,”  Su- 
suzki’s  term  “oryzanin,”  or  Edie  s  word  toruline  not  only 
lacked  dramatic  value  but  displayed  a  lesser  vision  or  a  lesser 
courage.  In  the  word  itself  Funk  revealed  that  he  conceived  the 
substance  as  something  of  significance  beyond  the  Orient  and 
pervading  living  things  generally,  not  merely  rice  ( Oryza  sativa) 
or  yeast  ( torula ).  Such  guessing  of  future  developments  is 
thoroughly  detrimental  if  the  guess  is  wrong,  but  when  it  proves 
right,  science  leaps  forward.  Very  likely  it  was  at  least  partly 
Pasteur’s  uncanny  capacity  to  discern  the  answer  in  advance 
that  incurred  so  much  antagonism  among  his  contemporaries. 

But  as  Pasteur  and  Lister  had  their  Jenner,  who  had  fatty 
years  before  demonstrated  a  special  case  of  what  they  later  con¬ 
ceived  as  of  general  significance,  so  Eijkman  and  Funk  had 
forerunners  who  did  not  succeed  in  making  their  voices  heard. 
Lunin  at  Basle  in  1881  had  postulated  that  “a  natural  substance 
such  as  milk  must  therefore  contain,  besides  these  known  prin¬ 
ciples,  small  quantities  of  unknown  substances  essential  to  life. 

appointment  for  the  special  study  of  beriberi  in  Java ,  but 

origin”  (8).  ,  •  ror  Hopkins  in  England 

By  this  time  the  idea  was  in  the  alL°F  P  „  ■  ilk> 

declared  his  belief  in  1906  in  “accessoiy  food  factors 
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Holst  and  Frolich  were  already  engaged  in  a  study  of  ship- 
beriberi  which  seriously  affected  Norwegian  sailors  during  long 
cruises  (see  page  24).  Following  Eijkman’s  lead  they  used 
polished  rice  as  a  diet  for  their  experimental  animals  but  chose 
to  substitute  guinea  pigs  for  fowls,  believing  that  mammals 
would  give  results  of  greater  significance  for  human  nutrition. 
Because  of  the  guinea  pig’s  sensitivity  to  lack  of  what  we  now 
call  vitamin  C,  it  was  experimental  scurvy  rather  than  beriberi 
which  developed  first.  Scurvy  had,  of  course,  long  been  known, 
and  lime  juice  was  to  some  extent  advocated  as  a  specific  pro¬ 
tection  against  it.  However,  scurvy  and  ship-beriberi  had  often 
appeared  together  and  by  some  were  thought  to  be  identical 
diseases,  undoubtedly  for  the  reason  that  sailors  had  not  in¬ 
frequently  suffered  from  both  diseases  at  once.  Nevertheless 
the  confusion  between  the  two  for  the  time  being  only  added 
to  the  obscurity  and  raised  the  question  whether  a  single  de¬ 
ficiency  could  cause  two  different  diseases. 

In  the  meantime  other  very  significant  studies  of  animal 
nutrition  were  in  progress  in  Europe  and  the  United  States. 
Stepp  (9)  observed  that  mice  lived  satisfactorily  upon  a  diet 
of  bread  which  was  made  with  milk,  but  that  a  decline  in  weight 
and  death  soon  ensued  if  the  bread  was  previously  extracted 
with  alcohol.  The  damage  to  the  bread,  as  a  foodstuff,  could  be 
repaired  by  restoring  to  it  the  substances  contained  in  the  al¬ 
cohol  extract.  Similarly,  Hopkins  (10)  found  that  rats  could 
not  long  survive  on  a  diet  of  purified  protein,  carbohydrates, 
fats,  and  mineral  salts,  but  that  the  addition  of  milk  in  suffi¬ 
cient  quantity  to  supply  about  4  per  cent  of  the  total  dry  weight 
of  the  food  mixture  resulted  in  satisfactory  nutrition. 

During  the  same  period  that  the  above  experiments  were  in 
progress  McCollum  in  the  United  States  was  beginning  an 
analysis  of  the  dietary  requirements  of  the  rat.  He  and  his  asso¬ 
ciates,  by  the  simple  expedient  of  adding  a  small  proportion  of 
butter  tat  to  the  diet,  secured  growth  in  young  rats  fed  upon 
an  otherwise  inadequate  mixture  of  foodstuffs  which  they  re- 
***  fP£nfi1d,-  Thesue  workers  became  convinced  that 
irWi J°°dst,ul?s  °f  kn°Wn  character  there  was  but  a  single  un- 

suPDlted bvhr  ftTn ueSSfF  m  that  is.  the  substance 

supplied  by  butter  (11).  This  was  directly  at  variance  with  the 

views  of  the  beriberi  school,  for  butter  does  not  contain  the 

eri  ion-preventing  vitamin  which  they  were  inclined  to  think 

entfv  tn  y  SUhs,/T  worthy  of  the  name.  However  pres 
More  specifically  it  was  fouTCtttM  ‘ttytaTu^d 
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in  their  artificial  diet  could  not  be  replaced  by  starch.  Further, 
by  repeated  recrystallization  the  original  lactose  could  be  deprived 
of  its  growth-promoting  property  (12).  As  we  now  know,  the  lac¬ 
tose  contained  a  small  amount  of  vitamin  Bt  which,  as  this  ex¬ 
perience  showed,  was  for  a  time  confused  with  the  wholly  dis¬ 
similar  oil-soluble  vitamin  of  butter  fat.  Butter  fat  and  cod 
liver  oil,  as  later  experimentation  has  shown,  supplied  the  neces¬ 
sary  vitamin  A  (and  D),  but  not  the  equally  essential  B. 

Once  convinced  of  the  necessity  of  recognizing  a  multiplicity 
of  vitamins,  science  began  to  make  better  progress.  In  spite  of 
the  reluctance  of  the  graybeards  to  have  young  upstarts  postu¬ 
late  new  substances,  the  number  of  recognized  vitamins  has 
continued  to  grow  steadily  in  the  intervening  years.  Bit  by  bit 
they  have  been  distinguished  by  differences  in  their  occurrence, 
their  stabilities,  and  the  pathologies  due  to  their  deficiencies. 
Many  of  them  have  since  been  isolated  as  pure  substances,  their 
chemical  structure  has  been  more  or  less  fully  ascertained,  and 
the  artificial  synthesis  of  some  has  been  accomplished.  Chemi¬ 
cally  speaking,  they  constitute  an  utterly  diverse  category  of 
substances  which  share  nothing  in  common  except  a  definition 
which  is  stated  in  physiological  terms:  “specific  organic  sub¬ 
stances  occurring  in  foodstuffs  in  small  quantities  and  essential 
to  the  life  of  animals.”  In  view  of  their  chemical  diversity,  no 
general  statements  can  be  made  about  their  chemical  or  physi¬ 
cal  properties.  That  they  have  some  connecting  thread  of  simi¬ 
larity  as  to  physiological  function  seems  very  likely  from  certain 
kinships  of  the  pathological  changes  which  are  induced  by  a 
deficiency  of  them.  But  one  cannot  say  that  vitamins  are  de¬ 
stroyed  by  heat,  that  they  are  found  in  fresh  foods,  or  that  they 
are  produced  by  sunlight.  Such  statements  are  true  only  of 
single  individuals  or, of  purely  artificial  groupings  of  them.  Some 
are  a  thousand  times  more  potent  than  others,  yet  all  are  equally 
indispensable  for  normal  functions  and  are  in  no  sense  inter¬ 
changeable  in  physiological  utility. 
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CHAPTER  X 


DIFFERENTIATION  OF  VITAMIN  B 

By  1920  the  beriberi  vitamin  was  no  longer  in  danger  of 
being  confused  with  the  antirachitic  or  the  fat-soluble  ones. 
However,  another  source  of  perplexity  existed  which  is  by  no 
means  fully  dissipated  at  the  present  time,  although  a  vast 
progress  has  been  made.  Mitchell  (1)  was  the  first  to  question 
seriously  whether  the  substance  detected  in  yeast,  for  example, 
by  the  rat  growth  test  was  actually  identical  with  the  anti- 
neuritic  factor  which  prevented  or  cured  polyneuritis  in  birds. 
He  called  attention  to  numerous  apparent  disparities  of  the  re¬ 
sults  of  testing  foodstuffs  by  the  two  methods.  Notably  the 
green  vegetables,  roots,  and  tubers  had  a  far  more  potent  in¬ 
fluence  on  the  growth  of  young  rats  than  could  be  accounted 
for  on  the  basis  of  their  prophylactic  value  against  polyneuritis. 
Such  evidence  had  the  weakness  that  foodstuffs  could  well  be 
expected  to  vary  in  vitamin  content  according  to  maturity  or 
state  of  preservation,  and  Mitchell’s  question  did  not  imme¬ 
diately  receive  the  attention  it  deserved.  Certainly  the  similar¬ 
ity  in  solubility  of  the  “water-soluble  B”  from  various  sources 
was  such  as  to  encourage  belief  in  the  identity  of  the  two. 

The  stability  of  “water-soluble  B”  to  heat  was  soon  made 
the  subject  of  a  study  which  indicated  greater  lability  of  the 
antineuritic  potency  than  of  the  growth-promoting  quality  (2). 
However  apparently  valid  counter-arguments  were  advanced, 
no  one  conceiving  the  problem  with  sufficient  clarity  to  plan 
a  rigorous  experiment.  The  question  was  too  generally  framed 
in  terms  of  identity  or  non-identity  of  the  antineuritic  and 
growth  factors,  little  thought  being  given  to  the  possibility  of 
a  multiplicity  of  substances  present  generally  in  foodstuffs  but 
fn  varying  proportions.  Eijkmann  (3)  and  Jansen  (4)  were 
among^the  early  skeptics  and  declared  against  the  rat-growt 
fp<?t  for  determining  the  antineuritic  vitamin.  c  ... 

Eventually  quite  definite  evidence  was  supplied  by  Smith 
j  Hendrick  (5)  These  experimenters  demonstrated  tha 
teast  which  had  been  autoclaved  for  six  hours  at  fifteen  pounds 
pressure  still  retained  the  property  of  promoting  growth  in  rats 
nn  certain  diets  which  were  otherwise  inadequate.  Since  it  had 
long  ago  been  demonstrated  that  the  vitamin  of  rice  polish  and 
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other  brans  was  destroyed  by  such  a  treatment,  it  was  evident 
that  yeast  contained  a  thermostable  factor  in  addition  to  the 
labile  one  which  had  long  been  recognized  as  being  present. 
Both  are  required  for  the  growth  of  rats,  but  the  need  of  adult 
birds  for  the  thermostable  factor  is  so  slight  that  it  cannot  be 
detected  with  certainty.  Thus  came  into  being  a  knowledge  of 
the  second  of  the  now  numerous  family  of  B  vitamins. 

While  all  this  was  in  progress,  Goldberger  and  associates 
were  studying  human  pellagra  and  had  become  convinced  that 
some  of  the  foodstuffs  that  promote  rat  growth  and  prevent 
polyneuritis  also  prevent  pellagra  (6).  Yeast,  milk,  and  beef 
were  specified  as  materials  rich  in  the  pellagra-preventing  (P-P) 
factor.  They  were  also  shown  to  be  effective  in  experimental 
black  tongue  in  dogs  (7),  a  disease  closely  resembling  pellagra. 

Inasmuch  as  it  had  been  discovered  that  rats  on  certain  re¬ 
stricted  diets  developed  a  condition  that  was  pellagra-like  with 
respect  to  a  dermatitis  and  ulceration  or  inflammation  of  the 
mouth  (8),  there  was  a  great  temptation  to  assume  that  the 
thermostable  substance  of  Smith  and  Hendrick  was  the  pellagra 
vitamin.  Encouragement  in  this  idea  was  supplied  by  evidence 
that  rat  dermatitis  responded  to  administration  of  autoclaved 
yeast.  Attempts  were  made  in  a  score  or  more  of  laboratories 
to  isolate  this  supposedly  single  thermostable  factor  which  had 
in  the  meantime  been  blessed  with  new  names,  vitamin  B2  in 
England  and  vitamin  G  in  America.  As  these  endeavors  pro¬ 
gressed,  a  diversity  of  properties  appeared,  depending  on  the 
raw  materials,  the  fractionation  methods,  and  the  species  of  ani¬ 
mals  chosen  for  test  purposes.  Gradually  it  was  recognized  that 
there  are  several  forms  of  nutritional  dermatitis  in  common 
laboratory  animals  and  that,  at  least  for  the  most  part,  they 
have  no  relation  to  the  dermatitis  of  human  pellagra.  Gradually 
many  biochemists  became  convinced  that  the  search  for  the 
pellagra  factor  would  have  to  be  prefaced  by  the  isolation  and 
characterization  of  some  of  the  components  of  the  mixture, 
they  severally  addressed  themselves  to  the  study  of  that  par¬ 
ticular  factor  which  each  felt  he  could  recognize  with  greatest 

nutrition  Wlth°Ut  regard  to  evldence  of  its  importance  inhuman 

•  TRthlS  Wfy  three  factors  of  the  original  thermostable  vita- 

tion  of  t^P  f^aVe  defimtely  isolated,  and  the  constitu- 
aon  of  two  of  them  has  become  known.  In  the  order  of  their 

called°lLroflPaUv?nChTCal  c°mPou"dsi  they  are:  riboflavin  (also 
actotlayin,  vitamin  B2,  and  vitamin  G)  nicotinir* 

complex.  7  e  defined  components  of  the  B 
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Riboflavin  was  isolated  from  milk  in  pure  crystals  melting 
at  293°  in  1933  (9).  However,  it  was  presently  shown  that  al¬ 
though  this  substance,  with  proper  supplements,  helps  to  pro¬ 
mote  the  growth  of  rats  and  prevents  their  developing  nutri¬ 
tional  cataract,  it  does  not  prevent  rat  dermatitis,  affect  the 
course  of  black  tongue  in  dogs,  or  check  the  development  of 
dermatitis  in  chicks.  It  is,  however,  a  preventive  for  nutri¬ 
tional  dermatitis  in  turkeys. 

The  chemistry  of  riboflavin  was  worked  out  in  a  beautiful 
way  independently  by  Kuhn  and  by  Karrer  in  1935  and  is  well 
reviewed  by  Kuhn  (10).  It  has  the  structure  shown  below. 
Phosphorylation  of  it  at  the  indicated  hydroxyl  forms  an  ester 
which  constitutes  the  prosthetic  group  of  a  yellow  respiratory 
enzyme.  The  enzyme  itself  consists  of  this  prosthetic  group  in 
combination  with  a  protein.  The  two  components  can  be  sepa¬ 
rated  by  dialysis.  Separately  they  have  no  activity;  combined 
again,  the  physiological  activity  is  immediately  restored.  The 
combined  substance  functions  as  a  dehydrogenase.  This  fact 
appears  highly  suggestive  with  regard  to  other  vitamins,  and 
there  are  already  indications  that  the  antineuritic  vitamin  also 
functions  as  a  coenzyme. 
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6,7-Dimethyl-9-(d-r-ribityl)-isoalloxazine.  Lactoflavin 

As  soon  as  this  substance  became  available,  attention  was 
concentrated  more  fully  on  the  remaining  factors  required  for 
rat  growth.  The  eluate  of  a  charcoal  which  had  been  treated 
with  yeast  extract  provided  the  missing  substa,nce(s)  (  )• 

other  preparation  which  has  been  much  used  is  the  eluate  from 
fuller’s  earth,  which  had  been  treated  with  liver  or  rice  polish  e  - 
tract.  From  such  preparations  there  has  recently  been  isolated 
n  crystalline  form  the  substance  known  as  B„  m.p.  204  -20b 
( 12  13)  It  cures  and  prevents  rat  dermatitis.  However,  even 
in  combination  with  the  antineuritic  vitamin,  riboflavin  and 


CH 

S  \ 

HC  CCOOH 

HC  Sh 

\  / 

N 

Nicotinic  Acid 


DIFFERENTIATION  OF  VITAMIN  B  133 

nicotinic  acid,  it  cannot  fulfill  the  entire  function  of  the  vitamin 
B  complex,  for  the  rats  do  not  grow  normally,  though  growth 

is  improved  by  this  addition.  .  .  .  .  ,  . 

To  conclude  the  category  of  B  vitamins  which  are  ^  present 
known  in  pure  form,  we  must  discuss  nicotinic  acid.  This 

stance  was  isolated  from  rice  polish  and  yeast 
by  Funk  in  1911  in  the  course  of  his  early 
studies  of  the  beriberi  vitamin.  It  has  very 
recently  been  isolated  as  the  amide  from  liver 
and  found  curative  for  black  tongue  in  dogs 
(14).  It  is  also,  at  least  to  an  astounding 
degree,  curative  for  human  pellagra  (15). 
It  does  not  appear  to  affect  the  growth  of  rats. 

The  remaining  components  of  the  B  complex  are  less  well 
defined  and  cannot  be  discussed  in  detail.  The  process  of  dif¬ 
ferentiation  of  the  B  complex  into  its  components  is  indicated 
diagrammatically  in  the  Frontispiece  to  provide  the  reader  at  a 
glance  with  some  conception  of  the  complexity  of  the  problem  and 
the  nature  of  the  procedures  employed.  We  have  listed  below  the 
several  factors  which  have  been  postulated  and  partially  char¬ 
acterized  by  various  workers.  It  will  be  recognized  that  the 
existence  of  some  of  them  is  disputed;  that  our  classification  of 
them  according  to  adsorbability  may  be  faulty;  that  we  may  have 
excluded  some  active  principles  that  ought  to  be  included  or  vice 
versa;  and  that  in  some  cases  one  factor  may  be  proved  identical 
with  another  of  at  present  different  designation.  In  preparing  the 
list  we  make  no  pretense  of  passing  upon  the  validity  of  the 
evidence  in  the  case  of  the  incompletely  identified  components. 
Only  specialists  can  do  so,  and  even  they  do  not  fully  agree.  A 
few  references  to  recent  papers  are  included,  which  give  an  idea 
of  the  present  status  of  the  less  fully  characterized  principles. 
Elvehjem  has  provided  us  with  a  recent  review  of  the  vitamin  B 
complex  (16). 

Thermolabile  Factors 

1.  Vitamin  B1;  thiamin  or  aneurin 

2.  Vitamin  B3,  necessary  in  addition  to  1  for  the  weight  main¬ 
tenance  of  pigeons  (17) 

3.  Vitamin  B4,  regarded  as  necessary  for  growth  of  rats  and  to  pro¬ 
tect  them  against  a  paralysis  (18) 

W  factor,  the  alcohol  ether  precipitate  from  liver  extract  Pro¬ 
tein  in  nature  (19)  ’ 

Anlji^zafci  erosion  factor,  perhaps  identical  with  or  related  to 
Thermostable  Factors.  Adsorbed  (21) 

L  prtxf  promoting’ cataract  p“^ 
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2.  Nicotinic  acid,  black  tongue  and  pellagra  curative  (perhaps  not 
the  sole  pellagra  vitamin) 

3.  B6,  ill-defined  thermostable  pigeon  weight  factor  (22) 

4.  B6,  rat  growth  promoting,  antiacrodynia  factor,  isolated  but  not 
identified.  Also  called  Factor  1. 

Unabsorbed  ( Filtrate  Factors  or  Factor  2)  (24) 

1.  Chick  dermatitis  factor  (25) 

2.  Gray  hair  preventing  factor  (26) 

Unclassified  Factors  Possibly  Associated  with  the  B  Complex 

1.  Extrinsic  factor  (27) 

2.  Anti  egg  white  injury  factor  (28,  29) 

3.  Antianemic  factor  (30) 

4.  Choline  (31) 


It  is  very  evident  that  in  such  a  bewildering  state  of  affairs 
the  matter  of  nomenclature  is  quite  important.  The  terms 
vitamin  B2  and  vitamin  G  are  still  unfortunately  used  in  several 
senses,  the  most  popular  being  (1)  as  synonymous  with  ribofla¬ 
vin  and  (2)  to  embrace  the  entire  thermostable  B  component 
in  foods.  In  the  latter  sense  there  is,  of  course,  no  such  thing 
as  vitamin  G,  and  assays  of  foodstuffs  made  on  this  basis  have 
no  ascertainable  significance.  Assays  of  foodstuffs  for  their 
riboflavin  content  are,  however,  quite  significant.  Unfortunately, 
one  often  cannot  tell  from  the  context  in  what  sense  these  and 
similar  terms  are  being  used  by  the  authors.  This  is  particularly 

true  of  articles  in  abstract  form.  . 

In  America,  the  beriberi  or  antineuntic  vitamin  is  often  re¬ 
ferred  to  as  vitamin  B.  This  term  is  somewhat  objectionable  be¬ 
cause  it  has  been  used  more  or  less  in  the  past  to  include  the 
whole  category  of  substances  of  physiological  importance  which 
have  been  associated  together  in  experimental  studies.  We  prefer 
the  term  vitamin  B,  which  originated  in  England  and  has  long 
nrevailed  in  Europe.  The  subscript  numeral  recognizes  that  it  is 
one  of  the  group  of  substances  belonging  to  the  B  classification 
and  serves  to  emphasize  the  fact  that  we  are  in  the  midst  of  a 

Pr0S1n%0vdaSmmB1"sCnowfully  identified,  there  is  much  reason 

to  give  it  a  more  convenient  name.  Professor  Jansen  who  firs 

isolated  the  substance  has  suggested  the  name  aneurin  (32).  H 
isolated  ui  entitles  him  to  the  honor  of  designating  it, 

butThe  name  wMch  he  has  seated  has  been  objected  to  by  the 
American  Medical  Association  as  carrying  an  implication  of 
therapeutic  utility.  The  name  thiamin  has  been  suggested  to 

ss  Vo”  13,  'i 
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amount  of  evidence  that  this  vitamin  has  a  function  even  in 

organisms  which  have  no  nervous  systems. 

This  was  done  after  correspondence  with  Professor  Jansen 
which  at  the  time  seemed  to  indicate  his  concurrence.  Later, 
after  consulting  various  of  his  European  colleagues,  he  suggested 
that  the  matter  be  referred  to  the  International  Committee  on 
Nomenclature,  but  the  American  Society  of  Biological  Chem¬ 
ists,  the  American  Institute  of  Nutrition,  and  the  Committee 
on  Nomenclature  of  the  American  Chemical  Society  had  ten¬ 
tatively  approved  the  name  thiamin.  The  Council  of  the  Ameri¬ 
can  Medical  Association  has  adopted  it  with  the  proviso  that 
if  the  International  Committee  in  1938  should  adopt  some  other 
suitable  name,  the  Council  will  concur  in  its  use,  with  thiamin 
as  a  synonym.  Early  availability  of  the  product  to  the  Ameri¬ 
can  physician  was  the  only  consideration  prompting  the  original 
proposal  of  this  name,  as  far  as  the  present  authors  are  concerned. 

The  reader  should  not  feel  discouraged  if  he  finds  the  nomen¬ 
clature  and  other  intricacies  of  the  B  complex  confusing.  A 
large  number  of  laboratories  have  participated  in  the  study, 
and  very  often  papers  have  appeared  simultaneously  from  two 
or  more  of  them,  each  relating  new  discoveries  and  each  coining 
new  terms  to  describe  them.  Moreover,  the  observations  of 
each  have  usually  concerned  themselves  with  different  aspects 
of  the  matter  in  hand.  Consequently  one  author  has  often  been 
quite  uncertain  as  to  whether  or  not  the  factor  he  has  observed 
is  or  is  not  identical  with  that  observed  by  another.  No  two 
specialists  in  the  field  can  agree  fully  on  the  identities  or  even 
specific  properties  of  all  the  factors.  It  should  be  said,  however, 
that  the  identification  of  four  members  of  the  complex  will 
greatly  hasten  further  resolution.  Each  of  the  four  known  sub¬ 
stances  can  now  be  added  to  experimental  diets  in  pure  form 
and  thus  greatly  reduce  the  number  of  unintentional  variables. 
In  the  meantime  one  must  read  the  literature  carefully  to  as¬ 
certain  from  the  context,  or  otherwise,  the  sense  in  which  the 
"various  names  are  used  by  a  particular  author. 
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CHAPTER  XI 


ISOLATION  OF  THIAMIN 

It  is  doubtful  whether  the  isolation  and  identification  of  any 
other  substance  in  the  history  of  biochemistry  have  cost  as  much 
labor  as  have  these  operations  as  applied  to  thiamin.  The  first 
gram  of  the  pure  vitamin  must  have  cost  an  aggregate  of  several 
hundred  thousand  dollars.  To  mention  all  the  names  of  those 
who  have  participated  in  some  phase  of  the  project  is  to  call  the 
roll  of  half  the  mature  biochemists  in  England  and  the  United 
States.  The  project  has  bulked  equally  large  upon  the  horizon 
of  Dutch,  Japanese,  and  French  biochemistry  during  the  twen¬ 
tieth  century.  German  participation  has  been  relatively  small 

until  within  the  current  decade. 

The  most  important  reasons  for  the  large  outlay  were:  the 
highly  multiple  character  of  what  once  seemed  a  single  substance; 
the  meager  concentration  in  which  it  occurs  in  natural  sources; 
the  slow  and  laborious  character  of  bioassay  methods;  the  mu  - 
tiplicity  of  other  substances  which  are  akin  to  it  in  solubilities; 
and  the  lability  of  the  molecule  toward  chemical  processing. 

However,  now  that  the  task  is  done,  the  story  is  scarcely  wort 
recounting  in  detail,  so  numerous,  diffuse,  and  ill  planned  do 
many  o  the  earlier  efforts  appear  in  the  light  of  subsequent 
events  It  will  be  well  merely  to  sketch  the  activities  of  the 

principal  groups  which  have  participated  and  the  mi 

the  methods  which  they  used.  We  must  begin  with  Eijkman 
and  Griins  who  by  1906  had  demonstrated  the  solubility  of 
the  vitamin  in  water  and  in  aqueous  alcohol,  its  thermolabihty, 
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lion  of  the  substance  is  historically  important  (2).  The  first  use 
of  an  adsorbent  in  the  form  of  an  animal  charcoal  is  believed  to 
have  been  by  Chamberlain  and  Vedder  (3).  Very  shortly  fol¬ 
lowed  the  contributions  of  groups  of  English  (4)  and  Japanese 

(5)  chemists,  who  experimented  with  a  variety  of  reagents  in¬ 
cluding  lead  acetate.  Most  of  these  have  not  proved  very  service¬ 
able.  The  latter,  however,  records  the  first  recognition  of  nicotinic 
acid  as  a  component  of  rice  polish,  a  fact  which  is  of  great  inter¬ 
est  in  view  of  the  action  of  this  substance  in  curing  black  tongue 
as  disclosed  in  1937  (see  page  133). 

The  next  highly  significant  event  in  connection  with  isolation 
was  the  introduction  of  fuller’s  earth  as  an  adsorbent  by  Seidell 

(6) .  This  reagent  or  its  equivalent  has  been  of  very  great  im¬ 
portance,  not  only  for  the  isolation  of  thiamin  but  for  the 
differentiation  and  isolation  of  other  B  factors. 

There  followed  a  rather  long  period,  not  of  inaction  but  of 
relative  futility,  partly  due  to  the  interruption  of  the  World  War. 
Perhaps  the  somewhat  bizarre  efforts  of  Williams  to  approach 
the  matter  by  synthesis  (7)  may  be  mentioned  as  a  premonition 
of  the  recently  developed  importance  of  pyridine  derivatives  in 
biological  agencies  (see  page  162).  The  beginning  of  German 
participation  (8)  and  the  entrance  into  the  field  of  R.  A.  Peters 
(9),  often  in  association  with  H.  W.  Kinnersley,  belong  to  this 
period.  Peters’  persistent  adherence  to  the  use  of  charcoal  rather 
than  fuller’s  earth  as  an  adsorbent  served  for  a  decade  to  il¬ 
luminate  the  field  from  a  different  angle. 


i  Senuine  success  in  isolating  the  substance  came  in 
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line  product  (11)  by  a  similar  method  in  1932,  but  it  appeared 
far  less  potent  than  that  of  the  Dutch  workers.  However,  the 
melting  point,  250°  C.,  was  in  agreement,  and  the  substance  was 
stated  to  be  the  hydrochloride  of  a  sulfur  compound  having  the 
composition  Ci2H16N4S02,  which  was  considerably  nearer  the 
truth  than  the  estimate  of  the  Dutch  investigators. 

The  presence  of  sulfur  in  the  molecule  had,  however,  been 
reported  the  previous  year  by  Windaus  and  his  collaborators  (12), 
who  obtained  the  product  from  yeast  by  the  use  of  additional 
methods  developed  in  the  intervals  by  others.  Most  important 
of  these  was  the  benzoylation  of  the  fuller’s  eluate  according  to 
Seidell  (13).  This  serves  to  convert  a  large  number  of  amino 
compounds  into  insoluble  benzoyl  derivatives,  leaving  the  vita¬ 
min  in  a  much  purer  solution.  The  vitamin  hydrochloride  as 
isolated  agreed  fairly  well  in  physiological  and  physical  prop¬ 
erties  with  Jansen  and  Donath’s  description.  Fairly  consistent 
analyses  were  obtained  on  the  salts  in  the  following  year  (14). 
A  crystalline  product  of  similar  description  was  also  obtained  in 
England  in  1933  by  the  charcoal  adsorption  process  (15).  The 
melting  points  of  both  the  hydrochloride  and  picrolonate  were 
low,  due,  as  we  now  believe,  to  the  then  unknown  dimorphism 
of  these  salts. 

Further  improvements  were  presently  reported  in  Japan  (16) 
and  in  the  United  States  (17).  Ohdake  followed  the  method  of 
Jansen  and  Donath  essentially,  but  Williams  incorporated  sev¬ 
eral  improvements,  notably  the  elution  of  the  vitamin  from 
fuller’s  earth  with  quinine  acid  sulfate  instead  of  baryta,  as  well 
as  the  utilization  of  benzoylation  for  purification.  Largely  due 
to  these  expedients,  the  yields  were  greatly  improved  so  that 
sufficient  crystalline  material  became  available  for  chemical 
study.  Later,  in  England,  improved  yields  by  the  charcoal 
method  were  reported  (18). 

It  is  noteworthy  that  such  a  series  of  successes  should  follow 
each  other  so  closely  but  not  till  several  years  had  elapsed  after 
the  original  success  of  the  Dutch.  Since  that  time  the  method 
has  undergone  such  refinement  as  to  increase  the  yields  still 
further,  as  well  as  to  shorten  greatly  the  process.  The  introduc¬ 
tion  of  synthetic  zeolite  instead  of  fuller’s  earth  as  an  adsorbent 
offers  considerable  possibilities,  as  elution  from  the  zeolite  can 
be  accomplished  with  cold,  strong  neutral  salt  solutions  (19,  20, 
21).  The  principal  interest,  however,  in  the  method  now  lies  in 
the  possibility  of  adapting  it  to  quantitative  purposes  for  the 
chemical  assay  of  foodstuffs  for  their  thiamin  content. 

A  feature  of  laboratory  technique  which  was  found  very  use¬ 
ful  in  the  authors’  experience  may  be  helpful  to  others  engaged 
in  like  work.  It  was  employed  throughout  the  later  stages  of  the 
isolation  procedure  and  also  throughout  the  steps  of  cleavage 
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which  led  eventually  to  the  establishment  of  structure.  A  hint 
which  furnished  the  basis  of  the  method  was  obtained  from  the 
papers  of  Kinnersley  and  Peters.  It  consists  in  carrying  out  all 
small-scale  operations  in  centrifuge  tubes,  usually  the  ordinary 
15  c.c.  urine  centrifuge  tube.  A  stock  of  suitably  marked,  tared 
tubes  is  kept  in  readiness.  If  the  evaporation  of  a  solution  is  to 
be  carried  out,  the  liquid  is  put  in  a  tube  fitted  with  a  two-hole 
rubber  stopper  (ground-glass  stoppers  are  preferred  for  special 
purposes)  according  to  Fig.  1.  Air  is  admitted  through  a  calcium 
chloride  tube  to  A,  and  B  is  connected  to  vacuum.  By  cautious 
adjustment  of  the  screw-clamp  at  A,  as  well  as  of  the  opening  of 
the  vacuum  valve,  rapid  evaporation  may  be  induced  at  low 
temperature  and  at  reduced  pressure.  It  is  important  that  the 
incoming  gentle  stream  of  air  be  directed  on  the  surface  of  the 
liquid  so  as  to  cause  a  slight  ripple  which  greatly  hastens  evap¬ 
oration.  The  tube  should  be  surrounded  by  a  water  bath  kept 

TO 
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and  packed  by  centrifuging.  The  mother  liquor  may  then  be  de¬ 
canted  and  the  crystals  washed  and  dried  in  the  tube  in  the  same 
way.  It  has  been  our  practice  systematically  to  record  the  dry 
weights  of  all  fractions  obtained  in  this  way.  It  is  often  of  great 
value  to  be  able  to  account  for  every  milligram  of  the  starting 
material,  as  the  appearance  of  deposits  is  often  very  deceptive  as 
a  means  of  estimating  whether  or  not  they  are  negligible  in 
weight.  When  dealing  with  a  new  substance,  various  solvents 
may  be  tried  successively  without  any  loss  of  material.  A  solvent 
which  proves  unsuitable  is  quickly  evaporated  and  replaced  by 
another.  As  compared  with  a  flask  and  fibulator  or  an  open  dish 
in  a  vacuum  desiccator  for  conducting  vacuum  evaporations,  the 
above  method  not  only  avoids  loss  by  spattering,  creepage  of 
solution,  excessive  dilution  in  transferring  from  one  vessel  to 
another,  etc.,  but  it  is  also  much  more  rapid.  If  a  vacuum  dis¬ 
tillation  or  sublimation  of  the  substance  itself  is  to  be  used  as  the 
final  means  of  purification,  a  centrifuge  tube,  with  an  inter¬ 
changeable  ground-glass  joint,  may  be  used  first  for  the  evapora¬ 
tion  of  solvent  and  later  as  a  sublimation  apparatus  by  substitut¬ 
ing  a  suitable  condenser  for  the  above  “rippler”  connection. 

By  this  device  we  were  able,  starting  with  27  mg.  of  the 
aminosulfonic  acid  from  the  vitamin,  to  carry  out  its  reduction 
with  sodium  in  liquid  ammonia  and  to  isolate  from  the  product 
sufficient  2,5-dimethyl-6-aminopyrimidine  to  secure  carbon,  hy¬ 
drogen,  and  nitrogen  determinations  on  the  free  base  as  well  as 
on  the  picrate,  together  with  melting  points  of  both.  The  method 
is  also  serviceable  for  semi-microsyntheses  with  5  to  50  mg.  of 
each  reactant. 
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STRUCTURE  AND  SYNTHESIS  OF  THIAMIN 


Thiamin  has  the  following  structure  (1-9): 

CH, 

/i=< 


— =cch,ch2oh 
-J<ch4 


N=CNH,  •  HC1 
CH,d  i— CH, 

A— Ah 

Thiamin  Chloride  Hydrochloride 

It  is  a  unique  compound  in  several  particulars,  notably  in  that  it 
contains  the  thiazole  nucleus  which  is  otherwise  unknown  in 
nature  However,  synthetic  thiazole  compounds  have  long  been 
quite  familiar.  Some  of  them  have  attained  considerable  com¬ 
mercial  importance  as  accelerators  for  the  vulcanization  of  rubber 
and  as  sensitizing  dyes  in.  photographic  plates.  Thiamin  is  the 
only  one  of  the  known  vitamins  which  contains  sulfur,  whence 
this  name  for  it.  A  number  of  other  sulfur  compounds  have  a 
conspicuous  place  in  biochemistry,  e.g  ,  cystine,  cystein,  gluta¬ 
thione  ergothioneine,  biotin,  and  insulin,  but  none  of  them  has 
an  evident  relationship  to  thiamin  which  is  associated  in  any 

wav  with  their  sulfur  atoms.  t  .  . 

The  pyrimidine  nucleus  which  thiamin  contains  is  a  very 
familiar  future  in  biochemistry,  being  present  in  uric  acid  and 
inconsiderable  group  of  purines  found  extensively  in  plant 

3r«5 — .  »i  75?  srasJ 

pyrimidines  in  cot"| ‘n  °liffer  fr0m  the  pyrimidine  of  thiamin 

ra  stf  .*  as 

follows:  4  5 

1  N — C  6  p — p 

'  is 

2  1 
Thiazole 
144 


2  C  C  5 
,U.4 

Pyrimidine 
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It  may  be  helpful  at  this  juncture  to  call  attention  to  the  fact 
that  position  4  and  position  6  in  the  pyrimidine  ring  are  equiva¬ 
lent,  so  that  4  amino  pyrimidine  and  6  amino  pyrimidine,  for 
example,  are  identical  substances.  If  this  point  is  overlooked,  the 
reader  who  is  not  intimately  familiar  with  organic  chemistry  may 
be  confused  by  the  variation  in  terminology  used  in  the  literature 
cited  below. 

The  pyrimidine  of  thiamin  is  also  somewhat  peculiar  in  be¬ 
ing  alkylated  also  in  position  5,  a  distinction  which  it  shares  with 
thymine.  Few  pyrimidines  alkylated  in  positions  2  or  5  were 
known  even  as  synthetic  compounds  before  interest  was  aroused 
in  them  in  connection  with  the  study  of  thiamin.  These  methyl 
groups  confer  somewhat  distinctive  properties  upon  this  class  of 
pyrimidines.  This  fact,  as  well  as  the  rarity  of  examples  of  the 
class,  constituted  very  serious  obstacles  to  the  determination  of 
the  structure  of  thiamin,  although  a  pyrimidine  nucleus  in  it 
had  been  suspected  for  years.  Thiamin  is  not  the  sole  vitamin 
containing  the  pyrimidine  nucleus.  It  is  also  present  in  vita¬ 
min  B2  or  riboflavin  (see  page  132),  but  in  non-alkylated  form, 
and  it  seems  quite  unlikely  that  thiamin  derives  from  riboflavin 
or  vice  versa. 


In  another  respect,  however,  there  is  a  resemblance  between 
riboflavin  and  thiamin  which  may  well  be  significant,  namely 
the  presence  of  an  alkyl  side  chain  with  a  terminal  hvrlmv-iri 


.  ich  are  dialkylated  in  po- 
importance  to  these  resem- 
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blances  to  known  drugs,  as  thiamin  has  no  pharmacological 
action  in  physiological  quantities  or  even  in  much  larger  amounts 
(see  page  82). 

The  main  features  of  the  experiments  whereby  the  structure 
of  thiamin  was  established  are  noted  in  the  following  paragraphs. 
The  story  begins  with  the  isolation  of  the  substance  as  the 
chloride  by  Jansen  and  Donath  in  1926.  As  recounted  in  the 
previous  chapter,  they  obtained  it  from  rice  polish  in  what  ap¬ 
pears  to  have  been  substantially  pure  form,  but  in  amounts 
inadequate  for  thorough  chemical  study,  and  had  the  misfor¬ 
tune  to  overlook  completely  the  presence  of  sulfur  in  it.  This 
fact  was  discovered  by  Windaus  and  collaborators  in  1932  (10), 
who  also  first  proposed  in  effect  the  proper  empirical  formula, 

C12H18N40SC12.  .  ,  _ 

There  remained,  however,  sufficient  discordances  m  the  anal¬ 
yses,  in  reported  physiological  activities  (11),  and  in  absorption 
spectra  (12)  that  the  elementary  composition  remained  some¬ 
what  uncertain  until  1934,  when  the  availability  of  larger  sup¬ 
plies  of  the  pure  vitamin  made  possible  additional  analyses  (13). 
The  analytical  uncertainties  centered  principally  about  the  fact 
that  the  substance  is  difficult  to  analyze  properly  for  nitrogen 
( 14)  and  that  the  various  salts  of  the  vitamin  were  obtained  ap¬ 
parently  sometimes  with  and  sometimes  without  water  of  crystal¬ 
lization.  ,  .  .  ., 

THp  first  significant  cleavage  products  of  the  vitamin  were 


from  the  fact  that  it  is  quantit 
lution  at  room  temperature  ac 

(1)  C,2H18N4S0C12  +  Na2S03  — »- 


C«H»NjSOj  +  C.H.NSO  +  2  NaCl 

T  II 


and  a  second  derivative  HI,  on 
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)  Cel^NsSOs  +  H20  — ►-  CeH8N2SO<  +  NHj 

III 


On  treatment  with  water  at  200°  C.,  I  (or  III)  yields  sulfuric 
acid;  with  alkali,  sulfurous  acid,  thus  proving  the  presence  of  a 
sulfonic  group  in  both.  Both  I  and  III  exhibit  absorption  in  the 
ultraviolet  suggestive  of  a  pyrimidine  nucleus.  This  suggestion 
was  later  confirmed  by  converting  I  into  2,5-dimethyl-6-amino- 
pyrimidine,  IV,  by  the  action  of  metallic  sodium  in  liquid  am¬ 
monia  (1,  5) : 


(3) 


liq. 

CeIBNaSOs  +  2  Na  — CH3  • 
NHS 


N=C  •  NH2 


u 


•  CHS  -I-  Na2S03 
H 


IV 


IV  was  previously  unknown,  but  its  synthesis  was  affected  by  a 
method  adapted  from  the  literature  such  as  to  establish  its  struc¬ 
ture  (5).  Comparison  with  the  substance  obtained  from  the 
vitamin  served  to  establish  their  identity. 

By  a  similar  synthesis  there  was  obtained  (6)  2-methyl-5- 
ethoxymethyl-6-oxypyrimidine,  V,  which  on  treatment  with  so¬ 
dium  sulfite  yielded  2-methyl-6-oxypyrimidine-5-methyl  sulfonic 
acid,  VI  (equation  4),  which  proved  identical  with  III  (equation 
2),  whence  one  could  reconstruct  the  primary  cleavage  product, 
I  (equation  I),  as  having  structure  VII. 


N=C  •  OH 

(4)  CH3  •  dj  i  •  CH2  •  OC2H6  — >-  CH3  •  C  6  •  CH2  ■  SOiH 

Uh  Ui 


N=C  •  OH 
Na2SOL__  J  ^ 


N— CH 

V  vi 

N=C  •  NH2 

ch,  ■  d  d: .  ch,  •  so,h 

N— CH 

VII 


3^ltrU"i.0n?  of  the  two  main  fragments  of  the  vitamin 
was  thus  established. 

,  ,™e  other  fragment,  II  (equation  I),  was  more  readily  identi- 
fied.  On  oxidation  with  nitric  acid  (20)  it  yielded  4-methvl 
thiazole-S-carboxyhc  acid,  VIII,  a  substance  which  was  first  pre- 

C  obWHCKly  w18,90  (2!p}'  Jhe  same  substance  had  also 
been  obtained  by  Windaus,  Tschesche,  and  Grewe  (T51  hv 

oxidizing  thiamin  itself  with  nitric  acirl  Winrio  u  ^ 

faded  to  recognize  the  thiazde  nucleus  IX  whichit’conta^' 

Recognition  of  this  nucleus  (22)  by  the  peculiar  stahfmv  nf  l?' 

at  thL^t^^f  the  study '^  'Se'thiM^6’  "T  kilidlJ  collab°rated 
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garded  as  highly  significant  in  a  biochemical  sense.  With  knowl¬ 
edge  of  the  presence  of  this  nucleus  and  with  the  further  informa¬ 
tion  that  II  (equation  I)  contained  in  a  side  chain  an  alcoholic 
hydroxyl  group  which  could  be  readily  replaced  by  nonionic 
chlorine  without  alteration  of  the  nucleus  (23),  it  was  a  relatively 
simple  matter  to  reconstruct  the  remaining  vitamin  fragment, 
II  (equation  I),  as  having  the  structure  X.  It  is  called  4-methyl- 
5-  (/3-hydroxy )  ethyl  thiazole. 


N- 


-C  •  CH, 


N- 


-C— 


hA  A • COOH 

\  / 

s 

VIII 


4  4 

\  / 

s 

IX 


H 


N - C  •  CH, 

4  4  •  ch2ch2oh 

V 


In  the  identification  of  the  cleavage  products  of  thiamin,  use 
was  made  to  an  unusual  extent  of  comparisons  of  ultraviolet 
absorptions.  This  was  possible  because  such  a  large  proportion 
of  all  the  atoms  of  the  thiamin  molecule  are  comprised  in  the 
two  unsaturated  nuclei;  viz.,  pyrimidine  and  thiazole.  Such 
nuclei  have  somewhat  distinctive  absorptions  in  the  ultraviolet. 
Another  physical  method,  that  of  potentiometnc  titration  with 
alkali,  was  destined  to  disclose  the  mode  of  linkage  of  the  two 

nuclei  to  each  other.  .  .  ,. 

The  point  of  attachment  on  the  pyrimidine  portion  was 

marked  by  the  position  of  the  sulfonic  group  which  was  intro¬ 
duced  during  the  sulfite  cleavage  of  thiamin  The  point  of  at¬ 
tachment  on  the  thiazole  was  less  conspicuously  marked.  It  was 
identified  in  the  following  way:  Thiamin  chloride  on  being 
titrated  with  alkali  behaved  in  a  peculiar  manner.  After  the  adr 
dition  of  1  mole  of  alkali,  the  alkalinity  of  the  solution  no  longer 
rose  steadily  with  further  additions  (24).  Rather  the  alkalinity 
arose  only  temporarily  after  each  addition  and  then  fell  again 
rlurinir  the  course  of  a  few  minutes,  indicating  an  internal  rear¬ 
rangement  of  the  molecule  taking  place  not  instantly,  as  ionic 
reactions  do,  but  relatively  slowly.  Furthermore  this  deportment 
continued  until  a  total  of  3  moles  of  alkali  had  been  added.  On  y 

cessiv^proporlion'^^lkah' required  was 

*eiS^^dS^KS™*yi  i°dide  t0  comp°und 

X  to  form  XI  (20).  CHj 


N — c  •  ch,  Mf  5  * CHs 

l4  4  •  CH2  •  CH2OH  — h4  4  •  CH2  •  CHjOH 


(5)  CH,I  +  H 


\  / 

s 

X 


\  / 

s 


XI 
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Such  an  addition  of  methyl  iodide  is  a  very  general  property  of 
tertiary  nitrogenous  bases  and  was  therefore  to  be  expected  in 
this  case.  On  titration  of  XI  with  alkali  it  showed  the  same  pe¬ 
culiar  behavior  as  thiamin  (see  Fig.  2),  thus  pointing  to  a  funda¬ 
mental  kinship  which  could  be  accounted  for  only  by  the  struc¬ 
ture  assigned  to  thiamin  shown  on  page  144. 

As  a  matter  of  interest  as  to  technique,  ultraviolet  absorption 
curves  were  found  very  useful  in  working  out  the  structure  of 
thiamin,  as  so  large  a  proportion  of  its  atoms  are  contained  in 
the  two  nuclei.  These,  like  other  unsaturated  ring  structures  in 


muerSn,ghVetC!iaraCteristic  absorPtion  in  the  region  230  to  300 

sax  rswawfeLitS 
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pyrimidines,  give  absorption  which  is  single-handed  in  acid  so¬ 
lution,  but  which  becomes  double-banded  in  alkali.  (See  Figs.  3 
and  4.) 

Synthesis  of  Thiamin 

The  first  step  in  the  synthesis  of  thiamin  was  the  reproduction 
of  the  thiazole  portion.  This  was  done  by  Buchman  by  the  simple 
reaction : 

NH, 

(6)  HC  +  CH,  •  CO  •  CHBr  •  CH,  •  CH2OH 

s 

s 

Thioformamide  Bromacetopropanol 


N- 

.1 


-C  •  CH, 

A. 


*-HC  C  CH,  CH,OH 

\  / 

s 

4-Methyl-5-(/9-hydroxy)- 
ethyl-thiazole 

Other  syntheses  of  the  same  compound  also  have  been 
achieved  (22). 

The  synthesis  of  the  pyrimidine  portion  was  accomplished  by 
methods  similar  to  those  employed  for  the  production  of 
pyrimidines  IV,  V,  and  VI,  previously  discussed  in  connection 
with  the  establishment  of  structure.  The  general  method  is  as 
follows  (2,  6) : 

RO  •  CO 


nh2 

(7)  CH,  •  A 
NH 

Acetamidine 


+ 


C— R 

>£■ 


CH,  •  C 


N=COH 

L 


R 


NaOCH 

Sodioformyl  Derivative 
of  Substituted  Ethyl 
Acetate 


N— CH 

6-Oxy  pyrimidine 
Derivative 


If  in  the  foregoing  sodioformyl  derivative  R  represents  CH„  the 
pyrimidine  obtained  is  2,5-dimethyl-6-oxypyrimidine ;  if  R  rep¬ 
resents  CH2OC2H5,  the  resulting  pyrimidine  is  V  (equation  4). 
For  the  synthesis  of  thiamin  itself,  product  V  is  converted  into 
a  brom-amino  derivative,  thus: 

N=C  •  OH 

CH,  •  C  A  •  CH,  •  OC2H,  4-  POC1,  — ► 

II  II 

N  CH  ,  .  ...  V 

V.  (2-Methyl-5-ethoxy-methyl-6-oxypyrimidine) 

N=C  •  Cl 

CH,  •  C  A  •  CH,  •  OC,H.  +  alcoholic  NH,  ► 

n-Ah 

Corresponding  Chlorpyrimidine 

n=c-nh,  n=cnh. 

CH.-|  i  •  CHjOCjH*  +  HBr  CH»  C  C-CH.Br 
Correspondiifg  Aminopyrimidioe  ***£**%%$* 


d  t i:6-amin°-pyriinidine 
4.  o-etnyl-6-amino-pyrimidine 


MOLECULAR  EXTINCTION  COEFFICIENT,  £  • 


FlOl’KB  4.  Ultraviolet  absorption  of  amino-sulfonic  acnl  from 

V1F?i?es  3  and  4  by  courtesy  of  Journal  of  American  Chemical 
Society. 
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The  last  of  this  series  of  steps  is  somewhat  analogous  to  that 
of  equation  4.  The  purpose  of  putting  the  hromine  m  the  side 
chain  in  position  5  instead  of  the  sulfonic  group  is  that  the  bromo 
compound,  XIII,  is  very  reactive,  while  the  corresponding  sul¬ 
fonic  compound,  VII,  is  extremely  unreactive.  .  , 

The  final  step  in  the  synthesis  of  thiamin  is  to  heat  the 
hydrobromide  of  the  bromopyrimidine,  XIII,  with  the  thiazole, 
X.  This  results  in  combination  of  the  two  molecules  to  form 
thiamin  bromide  hydrobromide,  a  reaction  quite  analogous  to 
that  shown  in  equation  5. 


(8) 


N=C  •  NH,  •  HBr  N - C  •  CH3 

CHj  •  C  C  •  CH2Br  +  hA  C  •  CH,  •  CH,OH 


N— CH 

XIII 


\  / 

S 


N=CNH,  •  HBr  Br 
CH,  •  C  C - CH, - N - C  •  CH, 

A— Ah  hA  A  •  CH,  •  CH,OH 

\  / 

s 

XIV.  Thiamin  Bromide  Hydrobromide 

The  bromide  hydrobromide,  XIV,  is  readily  converted  into  the 
chloride  hydrochloride  (page  166)  simply  by  shaking  a  solution 
of  the  former  with  silver  chloride.  The  resulting  substance  is 
chemically  identical  with  the  thiamin  chloride  previously  ob¬ 
tained  from  nature  (25).  The  correspondence  of  the  ultraviolet 
absorption  spectra  of  the  two  synthetic  salts  with  that  from 
nature  is  shown  in  Figure  5.  Its  physiologic  action  is  also  identi¬ 
cal  (26).  As  first  obtained,  the  vitamin  chloride  hydrochloride 
melted  at  232°  to  234°  rather  than  at  246°-250°;  as  had  been 
commonly  observed  of  the  product  obtained  from  nature.  How¬ 
ever,  it  was  later  found  possible  to  convert  the  low-melting  form 
into  the  high-melting  one  (25)  and  ample  evidence  has  accumul¬ 
ated  that  this  crystalline  dimorphism  is  common  to  several  salts 
of  both  the  natural  and  synthetic  product.  The  identity  of  the 
synthetic  and  natural  substance  has  been  fully  established  by 
many  workers  and  has  not  been  in  dispute. 

r  or  two  J?efor*  the  above-described  synthesis  was  pub- 

lshed  schematically  in  America  a  paper  by  Grewe  (3)  was  pub¬ 
lished  in  Germany  announcing  the  same  structure  which  had 
appeared  only  seven  weeks  previously  in  this  country.  Grewe 

nrod!let1Zed  “  thiG  fo*lo^in&  manner  (27)  the  diamino  cleavage 
product  previously  obtained  from  the  vitamin  by  Windaus  and 
associates  as  the  picrate  of  an  unknown  base  (16). 
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Figure  5.  A  comparison  of  the  ultraviolet  absorptions  of  the  natural  and 
synthetic  products:  curve  1,  natural  vitamin  (hydrochlonde) :  curve  2, 
svnthetic  vitamin  (hvdrochloride) ;  curve  3,  synthetic  vitamin  (hydro¬ 
bromide).  Courtesy  of  Journal  oj  the  American  Medical  Association. 

From  the  diamino  compound  he  obtained  by  the  action  suc¬ 
cessively  of  nitrous  acid  and  of  hydrobromic  acid  the  5-bromo- 
methyl  derivative  and  from  treatment  of  it  with  sodium  sulfite 
the  amino  sulfonic  acid,  I,  previously  derived  by  Wi  liams  et  al. 
by  sulfite  cleavage  of  the  vitamin.  Grewe  also  stated  that  he 
had  learned  that  a  synthesis  of  the  vitamin  had  been  effected 
recently  using  intermediates  made  by  methods  similar  to  his  own 
by  Andersag  and  Westphal  at  the  Elberfeld  Laboratories  of  the 

L  GInFAe  meatime!'  however,  Todd  and  Bergel  who  had  con- 
tributed  several  important  papers  relating  to  thiochrome,  and 
Ihus  had  aided  considerably  in  establishing  the  Btrucbare  o 
thiamin,  carried  out  in  England  a  new  synthesis  of  thiamin  (  ) 
by  the  following  route: 

n=cnh2  ?  VNHl 


STRUCTURE  AND  SYNTHESIS  OF  THIAMIN  155 


The  thioformyl  group  of  this  pyrimidine  was  then  converted  to 
a  thiazole  nucleus  by  condensation  with  chloracetopropyl  ether 
in  a  manner  analogous  to  the  condensation  of  bromacetopropyl 
alcohol  with  thioformamide  (see  page  150).  The  resulting  ether 
of  thiamin  was  readily  converted  to  thiamin  by  hydrolysis.  The 
thiochrome  studies  of  these  authors  and  their  associates  will  be 
discussed  in  Chapter  XIV. 

The  details  of  the  American  synthesis  were  published  early 
in  1937  (6).  That  of  Andersag  and  Westphal  which  was  referred 
to  by  Grewe  has  since  appeared  (9).  These  authors  disclose  two 
schemes  following  essentially  the  same  lines  as  the  two  previously 
published  syntheses  of  Williams  and  Cline  and  of  Todd  and 
Bergel.  They  claim  independent  discovery  of  both  methods  and 
disclose  the  synthesis  of  thiamin  by  these  methods  as  well  as  a 
number  of  analogues  and  derivatives  of  it  which  will  be  discussed 
in  Chapter  XIV.  As  to  the  synthesis  of  the  intermediates  neces¬ 
sary  for  the  production  of  thiamin,  the  German  workers  revealed 
the  Hofmann  degradation  of  the  appropriate  pyrimidyl  acetamide, 
a  procedure  which  both  the  American  and  British  wrorkers  had 
tried  unsuccessfully  as  reported  in  their  last  above  cited  papers. 
This  appears  to  be  the  best  method  of  synthesis  of  the  diamino 
pyrimidine  which  was  first  prepared  synthetically  by  Grewe. 
The  work  has  not  yet  been  confirmed  by  others.  The  reaction 
follows: 


CH 


N=CAH2  N=NHi 

I  I  KBrO  I  I 

-c  cch2conh2 — ^ch3c  CCH2NH2  +  COj 

Uh  Uh 


It  frequently  happens  that  the  precise  structure  of  a  compli¬ 
cated  organic  compound  remains  in  dispute  for  a  long  time  be¬ 
cause  the  findings  of  cleavage  reactions  are  not  clear  or  even  be¬ 
cause  the  methods  of  synthesis  are  ambiguous.  Fortunately  in 
the  instance  of  thiamin,  confirmation  has  come  almost  immedi¬ 
ately  from  numerous  sources. 


1. 


2. 


3. 
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CHAPTER  XIII 


REACTIONS,  TESTS,  AND  STANDARDS  OF  THIAMIN 

The  knowledge  of  the  structure  of  thiamin  has  measurably 
improved  our  appreciation  of  the  reasons  which  underlie  its  in¬ 
stability  in  our  foods.  This  is  a  matter  of  no  small  importance  in 
connection  with  the  transport,  storage,  and  processing  of  food, 
and  applies  to  home-cooking  methods  as  well  as  to  factory  opera¬ 
tions.  It  seems  highly  probable  that  the  primary  cause  of  in¬ 
stability  is  the  relatively  ready  splitting  apart  of  the  two  con¬ 
stituent  nuclei,  although  in  the  case  of  alkaline  destruction  an 
opening  of  the  thiazole  ring  is  probably  involved. 


Thermolability  and  Sensitivity  to  Alkali 

Foremost  in  importance  among  the  practical  causes  of  vita¬ 
min  destruction  is  thermolability.  Yet  the  evidence  on  this  mat¬ 
ter  is  quite  conflicting.  Numerous  instances  can  be  cited  from 
the  literature  which  appear  to  offer  good  grounds  for  believing 
that  loss  due  to  heat  applied  in  the  cooking  of  certain  foods,  some 
of  them  staples  such  as  bread,  is  almost  negligible.  On  the  other 
hand,  instances  of  very  substantial  loss  from  this  cause  can  be 
found  in  the  case  of  other  articles  of  diet.  A  number  of  epidemics 
of  beriberi  in  the  Orient  occurring  in  institutions  have  been 
traced  to  the  introduction  of  pressure  cookers.  The  reasons  for 
the  conflicting  evidence  are  not  wholly  clear  but  sufficient  pos¬ 
sible  reasons  are  evident  to  account  for  it.  Among  these  may 
be  mentioned  the  now  rapidly  rising  evidence  that  thiamin  oc¬ 
curs  in  tissues  partly  in  the  free  form  and  partly  as  the  pyro¬ 
phosphate  (page  345).  There  may  exist  marked  differences  of 
thermolability  between  them.  However,  studies  of  the  thermo¬ 
lability  of  the  pyrophosphate  have  not  yet  been  reported. 

Other  relatively  recently  developed  potential  causes  have  to 
do  with  possible  reactions  of  the  vitamin  with  other  components 
of  the  diet.  The  profound  cleaving  action  of  sulfites  (page  14b) 
is  an  example.  The  amino  group  of  the  pyrimidine  is  said  to  be 
capable  of  reacting  readily  with  aldehydes,  presumably  to  form 
Schiff’s  base  type  of  derivatives,  and  inasmuch  as  the  amino  group 
is  essential  to  physiological  activity,  this  possibility  cannot  be 
ignored.  Aldehydes  are  of  very  common  occurrence  in  foods. 

158 


159 


REACTIONS  OF  THIAMIN 


Further  numerous  coupling  reactions  of  the  vitamin  have  been 
noted.  These  are  conspicuous  because  the  products  are  highly 
colored,  but  kindred  couplings  of  an  inconspicuous  character 
may  well  occur  to  destroy  activity.  The  vitamin  molecule  has 
several  points  of  possible  attack,  and  inasmuch  as  all  such  re¬ 
actions  are  promoted  by  heat,  all  may  contribute  to  apparent 
thermolability  to  varying  degree,  depending  on  the  components 
of  the  foods. 

There  are,  however,  some  causes  of  destruction  which  have 
long  been  recognized,  namely,  heat  and  alkali.  Oxidation,  on  the 
other  hand,  has  been  ruled  out  as  an  important  cause.  It  is  com¬ 
forting  to  find  that  study  of  the  pure  vitamin  tends  to  confirm 
these  ideas  derived  from  earlier  experience.  We  may  well  sum¬ 
marize  at  this  point  several  of  the  more  important  studies  of 
thermolability  in  foods. 

Most  observers  have  detected  little  or  no  destruction  of  the 
vitamin  in  foodstuffs  after  exposure  to  heat  at  100°  C.  Eijkman 
(1)  found  no  destruction  of  the  properties  of  unmilled  rice  after 
heating  at  100°  for  three  hours.  Chick  and  Hume  (2)  concluded 
that  only  slight  destruction  of  the  antineuritic  vitamin  could  be 


detected  after  heating  wheat  embryo  and  yeast  extract  at  100°  C. 
for  one  to  two  hours.  With  higher  temperatures  there  was  a 
progressively  increasing  degree  and  rate  of  destruction,  the 
original  potency  being  reduced  to  a  quarter  or  less  after  two  hours 
at  about  129°  C.  Marked  destruction  of  the  antineuritic  prop¬ 
erties  of  various  foodstuffs,  such  as  meat,  eggs,  yeast  extract,  and 
“S?ur^when  heated  for  varying  periods  at  temperatures  of 
ri-  r124°i  S'’  ^as  keen  noted  by  Holst  (3),  Vedder  (4),  and 
Chick  and  Hume,  but  according  to  Holst,  dried  peas  and  whole 
barley  appeared  to  suffer  no  loss  at  118°  C.  for  ten  minutes, 
oherman  and  Grose  (5)  investigated  the  effect  of  four  hours’ 

comPlex  of  tomato  juice  (at  its  natural 
?ondoty’  abou,t,pH  4-3)  at  10°  intervals  over  the  range  of  100°- 

DeriodUnfinp1fTh+e  gr?wth  of  youn£  rats  during  an  experimental 
calculated  ^  t  measure  °[  vitamin  B  content.  They 

45  cer  cl?  »nH  4  destruct!on  to  be  20  per  cent,  33  per  cent, 

respectively  « ?' 4  Cent  at  100°>  110°>  120°’  and  130° 

respectively,  a  1.4-fold  increase  per  10°  in  comparison  with  the 

2-fold  increase  in  most  chemical  reactions. 

of  4.286  5^1 9^9 rand'lO^v6!40  t0mat°ju|ce  at  PH  values 
found  that  heatil  kt  100»  Lbi  I™3"  and  Burt°n  (6),  who 
30  per  cent  and 70  prcent  atnH4  28^?™!^  20  per  Cent' 

4*28  1 

topper  cent,’ 00  to  ^  ^  S 
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Experiments  with  protein-free  milk  varying  the  pH  from  4.3 
(natural)  to  10  showed  the  following  losses  (7): 


pH 

T  emperature 

Time 

Per  Cent  Destruction 

4.3 

97 

1  hr. 

25 

4.3 

97 

4  hr. 

30-40 

7 

97 

1  hr. 

70-80 

7 

97 

4  hr. 

ca.  100 

4.3-7 

room 

1  wk. 

none 

io- 

room 

1  wk. 

ca.  100 

Recently  Keenan,  Kline,  Elvehjem,  and  Hart  (8)  have  shown 
that  vitamin  Bj  in  yeast,  liver,  and  in  a  natural  grain  ration  was 
destroyed  completely  by  autoclaving  and  that  it  was  inactivated 
to  a  great  extent  in  yeast  and  liver  by  heating  the  foodstuff  in  the 
fresh  state  at  100°  C.  for  24  hours.  It  was  shown  by  Guha  and 
Drummond  (9)  that  boiling  a  concentrated  vitamin  B x  prepara¬ 
tion  for  twenty-four  hours  at  pH  1  did  not  cause  any  appreciable 
inactivation,  while  at  pH  5  about  half  the  activity  was  destroyed. 
At  pH  9  merely  boiling  for  one  hour  destroyed  half  of  it. 

Closely  associated  with  true  loss  by  heat  is  loss  by  solution  in 
cooking  waters,  a  point  which  has  been  emphasized  by  Baker 
and  Wright  (10).  This  is,  of  course,  entirely  consistent  with  the 
well-known  extreme  solubility  of  the  vitamin  in  water.  Adsorp¬ 
tion  upon  starch  in  foods  probably  is  an  important  factor  in 
causing  retention  of  the  vitamin.  Thus  potatoes  boiled  in  the 
skins  retained  about  nine  tenths  of  the  vitamin,  only  one  tenth 
appearing  in  the  water  drained  from  them.  A  similar  adsorption 
of  vitamin  by  penetration  into  the  endosperm  has  been  noted  in 
the  parboiling  of  rice.  However,  many  foods,  especially  those  of 
the  more  succulent  varieties,  doubtless  have  relatively  low  ca¬ 
pacities  for  adsorption.  Cooking  waters  and  juices  ought,  there¬ 
fore,  to  be  incorporated  systematically  in  soups,  sauces,  or  gravies 
for  consumption  with  the  main  mass  of  the  food.  In  coo  mg 
bread  or  cereals  no  water  is  drained  away  and  losses  are  trivial. 

Baking  powder  biscuit,  however,  loses  much  of  its  vitamin  in 
cooking,  due  to  induced  alkalinity.  The  widespread  practice  of 
using  soda  to  preserve  the  color  of  green  vegetables  during  cook- 
ing  is  reprehensible  from  this  standpoint.  ,  • 

All  these  facts  are  reasonably  consistent  with  the  behavio 
of  the  nure  vitamin.  There  is  general  agreement  that  the  re- 

lanceTvitamin  B,  to  heat  in  ^-tly  acid  or  acid  media  is 
considerable.  Laboratory  tests  on  vitamin  B,  crystals  have  shown 
that,  in  the  range  pH  3.5-5.0,  aqueous  solutions  are  JtoMefora 
considerable  time.  In  sealed  tubes  at  . 100  and  125  .  0.  P  ‘ 

SiJMTSFg  5W1  s' WS?  as  .5 
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120°  C.,  without  appreciable  loss  in  potency;  solutions  so  ster¬ 
ilized  remain  stable  for  more  than  twenty  months.  The  activity 
of  thiamin  chloride  crystals  is  totally  destroyed  by  autoclaving 
at  15  pounds’  pressure  in  alkaline  solution  for  thirty  minutes.  In 
the  dry  form  the  vitamin  is  relatively  stable.  Heating  in  air  at 
100°  for  twenty-four  hours  induces  no  loss  in  potency.  Ohdake 
and  Yamagishi  (10)  reported  somewhat  higher  losses  in  solution 
at  the  natural  pH,  but  the  amounts  of  substance  then  available 
did  not  permit  very  rigorous  animal  tests.  Dry  heat  for  one  hour 
at  170°  destroyed  80  per  cent  of  the  activity;  at  180°  100  per 
cent. 

According  to  Barger,  Bergel,  and  Todd  (12),  vitamin  B^  pre¬ 
pared  in  amorphous  form  by  treating  the  crystalline  hydro¬ 
chloride  with  the  calculated  amount  of  silver  oxide,  undergoes 
decomposition  when  heated  to  180°  in  a  high  vacuum,  yielding 
a  crystalline  solid,  C9H10N4O,  which  shows  in  methyl  alcoholic 
solution  an  intense  blue  fluorescence,  a  property  which  is  not 
possessed  by  the  original  vitamin. 


Sensitivity  to  Sulfite 

In  connection  with  the  sensitivity  of  the  vitamin  to  alkalinity 
attention  should  be  called  to  the  effect  of  pH  on  the  sulfite  cleav¬ 
age.  This  reaction  proceeds  momentarily  at  pH  6;  at  pH  5  it  is 
complete  over  night;  at  pH  3  vitamin  may  be  kept  in  solution 
with  sulfite  for  months  without  serious  loss  of  potency  (13). 
This  reaction  may  have  some  importance  as  a  practical  source 
of  loss  of  vitamin  in  foods.  Morgan  (14)  has  reported  loss  in  the 
thiamin  content  of  fruits  in  sulfuring  them.  An  appreciable  loss 
was  experienced  in  rice  stored  in  a  ship  which  had  been  fumigated 
with  sulfur  dioxide  (15).  Probably  the  acidity  of  sulfur  dioxide 
solutions  tends  to  diminish  losses.  Sulfur  dioxide  and  sulfites 
are  quite  toxic  to  plants  and  animals,  and  it  seems  doubtful 

u er  slgmf)can£  amounts  of  sulfite  can  exist  in  such  tissues 
which  are  used  as  food.  In  chemical  processing  of  extracts,  how- 

flnHr’nnn  fifr  *  0Xlde  °r  su,lbtes  may  wel1  be  generated  at  times 
and  constitute  a  source  of  loss  of  activity. 

Oxidation-Reduction 

lutioniftIZv\»°*  •sfnsi‘iye  ‘°  atmospheric  oxidation.  In  so- 
j.tinn  ,  ay  oxldlzed  to  thiochrome  (page  174)  This  oxi 

ii  “out  aaSndneurerdcSflh ' T  ^  reraible  -d  as  thiochrome  L 

chrome  in  ^  T  apFear  *‘kely  that  thio- 

thiamin  but  is  a  degradation  produc? utilization  of 

thus  revealed  facts  nSch^av  h^  re?uct!on  of  thiamin  and  has 
ea  'acts  which  may  have  a  bearing  on  the  physiological 
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behavior  of  the  substance.  At  pH  7.5,  reduction  with  platinum- 
black  results  in  addition  of  approximately  1  mole  of  H2.  Re¬ 
duction  by  hydrosulfite  in  sodium  carbonate  solution,  however, 
is  said  to  follow  a  different  course.  One  hydrogen  atom  is  added 
and  1  mole  of  acid  is  formed  for  each  mole  of  thiamin  reduced. 
The  reaction  is  interpreted  thus: 


CH, 


ch2 


/i=C— 

■<ch4  +h' 

Cl- 


CH, 


Q _ Q _ 

CHj — N<f  |  +  HC1 

\ch2— s 


That  is,  1  H  is  added  to  the  2  carbon  atom;  the  other  hydrogen 
loses  an  electron  to  neutralize  the  charge  on  the  complex  cation 
and  becomes  an  H+  ion.  The  basis  of  this  interpretation  is  the 
apparently  similar  behavior  of  the  coferments  of  Warburg  and 
Christian  (17)  and  of  von  Euler  (18).  Both  of  these  coferments 
contain  nicotinamide,  the  nitrogen  of  the  pyridine  being  in 
quaternary  form.  They  undergo  a  reversible  reduction  of  the 
type  indicated  above  for  thiamin.  The  reduction  of  the  latter, 
however,  has  not  yet  been  shown  to  be  reversible. 

More  recently,  distinct  greenish-yellow  color  is  reported  as  a 
transient  phenomenon  in  the  course  of  the  hydrosulfite  reduc¬ 
tion  (19)  or  in  reduction  with  zinc  and  hydrochloric  acid.  As 
a  result,  it  was  suggested  that  the  colored  product  may  be  a 
half-reduced  thiazole  analogous  to  the  semi-quinones  of  Mi- 
chaelis  (20).  Similar  transitory  colored  products  were  noted 
with  nicotinic  amide  methiodide  upon  reduction.  One  recalls 
with  curiosity  the  somewhat  less  transitory  blue  color  obtained 
on  splitting  the  vitamin  with  liquid  ammonia  (21). 

The  subject  of  reversible  oxidation  reduction  of  thiamin 
should  be  pursued  diligently  and  should  be  extended  to  its  pyro¬ 
phosphate  as  well  as  the  free  vitamin.  The  evidence  that  thiamin 
pyrophosphate  functions  as  a  decarboxylating  enzyme  does  not 
invalidate  the  other  evidence  that  an  oxidative  catalysis  is  also 
often  involved  (see  Chapter  XXVI).  In  association  with  the 
nroDer  protein  component  of  an  enzyme  system,  it  is  still 
eminently  probable  that  thiamin,  or  a  derivative  of  it,  undergoes 
reversible  oxidation  and  reduction  as  a  part  of  its  fundamental 
physiological  utilization. 

Action  of  Alkali 

The  structure  of  thiamin  as  finally  determined  makes  possible 

isjsr  -  >]. ijyrtsn-s 

metric  titration  curve  (fig-  )  oil  miaternarv  thiazoles 

a  characteristic  which  appears  common  to  all  quaternary 

having  H  in  position  2. 
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On  titrating  thiamin  chloride  hydrochloride  with  alkali,  we 
find  a  sharp  rise  when  1  mole  is  reached  corresponding  to  the  for¬ 
mation  of  the  neutral  or  mono  acid  salt,  but  there  is  no  further 
break  until  a  total  of  3  moles  has  been  added.  Apparently  the 


addition  of  1  mole  of  alkali  liberates  the  monochloride  (b)  see 
below;  further  addition  of  alkali  beams  to  liherX  tL  o.L 
quaternary  base  (c)  which  goes  over  rapidly  into  the 
pseudo  base  or  carbinol(d).  This  does  not  occur  m.t  ,  neut?al 
as  one  can  see  during  titration  by  to 

quent  slow  fall  of  pH  after  cachruhliti,,,-,  tn ^-ris<?  ,  subse- 

of  the  migration  of  hydroxyl  is  weU  known 

bases  and  in  effect  uses  up  hydroxyl  ions.  Nor les  the  ?H  S 
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even  when  2  moles  have  been  added,  because  quaternary  thiazoles 
such  as  this  undergo  ring  opening  in  alkaline  solution,  forming 
an  acidic  sulfhydryl  group  (22).  Only  after  this  is  neutralized 
with  a  third  mole  of  alkali  to  form  (e)  does  the  alkalinity  rise 
sharply,  indicating  free  NaOH.  The  reverse  arrows  indicate  re¬ 
versal  of  the  sequence  and  the  regeneration  of  the  vitamin  upon 
back  titration.  If  the  solution  stands  in  alkaline  condition  for 
some  time,  there  is  some  permanent  destruction  of  the  vitamin. 


N=CNH,  •  HC1 


CH, 


,.A  A 


CH,C  CCHi — N 


/ 


C - CCHiCHjOH  +  1  NaOH 


Uh  a. 


V:h— s 


(a) 
CH, 


N=CNH,  I 

I  |  /C=CCH,CH,OH  +  1  NaOH  ^ 

CH,C  CCH,— N/ 

II  n  jNjh-4 

N— CH  Cl 

(b) 

CH, 

N=CNH,  I  _ . 

|  |  /C=CCH,CH,OH 

CH,C  CCH, — N/  I 

||  ||  |^CH-S 

N— CH  OH 

(c) 


N=CNH, 

,i  ici 

Uh 


CH, 


!  .  /- 

CH,C  CCHr-N<  j 


C=CCH,  •  CH,OH  +  l  NaOH 
^CH— S 

Ah 

(d) 


N=CNH,  CH, 

CH,i  icH^N— i=C— CH,CH,OH 

N_(^H  H(k)  ^Na 

(e) 


Sensitivity  to  pH 

^  only"etS 

Sh0Thisviewis  based  in  part  on  the  consideration  that  the  sul- 
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fite  cleavage  cannot  in  all  probability  be  an  absolutely  unique 
reaction.  The  odor  of  the  thiazole  portion  of  the  molecule  is 
present  during  all  the  later  stages  of  isolation  of  thiamin  from 
natural  sources,  and  it  is  by  no  means  unreasonable  to  suppose 
that  cleavage  may  be  promoted  by  the  presence  or  absence  of 
other  substances.  As  a  matter  of  direct  observation  the  sensitiv¬ 
ity  of  the  vitamin  to  pH  appears  to  depend  greatly  on  the  na¬ 
ture  of  the  medium. 

An  experience  encountered  during  isolation  is  worthy  of 
record  here.  A  large  quantity  of  quinine  sulfate  eluate  of  ac¬ 
tivated  fuller’s  earth  was  largely  freed  of  quinine  by  neutraliz¬ 
ing  with  baryta.  It  was  then  brought  to  pH  4.5  with  sulfuric 
acid  and  divided  into  two  portions.  One  of  these  was  evaporated 
in  vacuo  at  <35°  with  a  loss  of  50  per  cent  of  the  activity. 
The  other  portion  after  standing  in  a  closed  vessel  for  six 
months  showed  no  loss  of  activity.  After  acidifying  to  pH  3.5, 
it  was  evaporated  in  vacuo  also  without  loss  of  activity.  This 
experience  suggests  a  reaction  involving  the  loss  of  formaldehyde 
during  evaporation.  Kircher  (23)  has  disclosed  such  a  loss 
of  formaldehyde  in  a  5-methylol  uracil.  However,  such  a 
reaction  of  thiamin  has  not  been  successfully  demonstrated.  At 
all  events  there  appears  to  be  a  relatively  feeble  union  of  the 
two  nuclei  under  neutral  conditions.  Hot  alkali  splits  out  the 
sulfur  from  thiamin  as  H2S  but  does  not  disrupt  the  molecule 
generally  (24,  25). 


Other  Reactions 

Thiamin  is  converted  to  chloroxy  vitamin  by  the  action  of 
strong  hydrochloric  acid  (page  175).  Nitrous  acid  under  mild 
conditions  does  not  affect  it  (26),  but  in  the  presence  of  free 
mineral  acid  with  heat,  nitrogen  is  evolved,  perhaps  with  the 
formation  ot  the  corresponding  hydroxy  compound.  The  vita¬ 
min  resists  the  action  of  benzoyl  chloride  under  Schotten  Bau¬ 
mann  conditions.  It  may  be  acetylated  without  great  loss  of 

affi!lt^  reaCitl0nAPre®Umaibly  occurring  on  the  alcoholic  side  chain 
of  the  thiazole.  Acetic  anhydride  at  high  temperature  inactivates 

nf  tw  yit?Kmi!?  Sives  a  number  of  color  reactions.  The  earliest 

sraar  ? 
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pounds  insoluble  in  water  but  soluble  in  immiscible  solvents 
(31).  Another  color  test  utilizing  p-dimethylamino  benzalde- 
hyde  and  acetic  acid  is  reported  by  Tauber  (32).  In  the  presence 
of  thiamin  an  intense  brick-red  color  is  produced  which  is  be¬ 
lieved  to  be  due  to  a  Schiff’s  base. 

Thiamin  gives  colored  precipitates  with  picrolonic  acid,  gold 
or  mercuric  chloride,  Mayer’s  reagent,  and  iodine.  Potassium 
bismuth  iodide  gives  a  characteristic  orange-red  precipitate  (33). 
Crystalline  precipitates  are  yielded  by  potassium  tetranitrodi- 
amino  colbaltate  rufianic  acid  and  by  Reinecke’s  salt.  Amor¬ 
phous  salts  are  precipitated  by  picric  acid  (from  relatively  con¬ 
centrated  solutions),  alizarinsulfonic  acid,  0  anthraquinone 
sulfonic  acid,  trinitroresorcinol,  potassium  periodide,  and  per- 
bromide  (34).  In  fact,  a  very  wide  variety  of  alkaloidal  reagents 
precipitate  it.  Platinic  chloride  precipitates  it  only  from  abso¬ 
lute  alcohol. 


Simple  Salts 

The  most  familiar  form  of  thiamin  is  the  chloride  hydro¬ 
chloride  in  the  form  of  acicular  crystals  m.p.  248°-250°  with 
decomposition.  However,  this  salt  also  crystallizes  under  certain 
conditions  with  m.p.  232°-234°,  a  phenomenon  for  which  there 
is  no  explanation  in  terms  of  structural  chemistry  (35,  36,  37). 
The  picrolonate  also  has  been  isolated  in  two  forms  of  dif¬ 
ferent  melting  points  but  of  identical  composition  m.p.  165 
*  H  ooqo  respectively.  These  salts  have  the  same  physiological 
activity  ThisTs  also  true  of  the  two  crystal  forms  of  the  chlor.de 
hydrochloride.  Their  ultraviolet  absorptions  are  also  identical. 
The  characteristic  curve  is  shown  in  Figure  5.  There  are  several 
Jases  of  discrepancies  in  the  melting  points  of  pyrimidine  m- 
termediates  which  have  been  prepared  in  this  connection.  These 

mav  oossiblv  be  due  to  the  same  phenomenon. 

Two  sulfates  have  been  described,  but  these  on  the  basis  of 
somewhat  unsatisfactory  analyses  appear  to  havediffen mt  cm in- 
positions  corresponding  to -2*  (SO,),  are  203° 

represents  a  mo  Cec°iveiy.  The  nitrate  decomposes  sharply  at 
iaro  /qq\  The  bromide  hydrobromide  hemihydrate  melts 
f  mo6iU“  Th  chloride  hydrochloride  also  crystallizes  from 
alcohol  "water  solution  as  a  hemihydrate  *e  prop  r 

tion  of  water  of  STaMSi*  hunuditiei 

is  not  constant  over  the  u  h  anhydrous  condition, 

varying  from  about  1  establishing  the  correct 

SSwSa  toSTwT tU™, .  ~i.«i  —  "*»*' 

sources. 
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The  free  base  has  never  been  obtained.  It  is  undoubtedly 
extremely  unstable. 


Tests  for  Identity  and  Purity 


The  commercial  product,  crystalline  vitamin  Bi;  is  a  pure 
chemical  compound,  Ci2Hi70N4SCl*HCl,  containing  approx¬ 
imately  1  mole  of  water  of  crystallization,  melting  at  about 
245°  with  decomposition  and  leaving  no  ash  on  ignition.  It  oc¬ 
curs  in  the  form  of  colorless  or  white,  odorless  crystals,  or  as  a 
crystalline  powder  with  a  slightly  saline  taste.  It  is  very  soluble 
in  water  and  very  slightly  soluble  in  absolute  alcohol.  Its  aque¬ 
ous  solution  (1:20)  is  acid  to  litmus  (pH  about  2.5)  and  is 
optically  inactive. 

Crystalline  vitamin  Bt  is  tested  for  identity  and  purity  as 


follows: 

A  1  per  cent  aqueous  solution  of  crystalline  vitamin  Bx 
yields  a  yellow  precipitate  with  picric  acid  T.S.  (T.S.  refers  to  the 
test  solutions  of  the  U.  S.  Pharmacopoeia) ;  a  white  precipitate 
with  mercuric  chloride  T.S.;  a  yellowish-white  precipitate  with 
Mayer’s  reagent;  and  a  red-brown  precipitate  with  iodine  T.S. 

Dissolve  5  mg.  of  crystalline  vitamin  Bx  in  a  mixture  of 
1  cc.  of  lead  acetate  T.S.  and  1  cc.  of  10  per  cent  sodium  hy¬ 
droxide  solution.  A  yellow  color  is  produced.  On  heating  the 
mixture  for  several  minutes  on  the  steam  bath  the  color  changes 
to  brown,  and  on  standing,  lead  sulfide  precipitates. 

Prepare  two  solutions  as  follows:  Solution  A.  Place  1.5  cc. 
of  a  5  per  cent  sodium  nitrite  solution  in  a  volumetric  flask  im¬ 
mersed  in  an  ice  bath,  and  add  1.5  cc.  of  sulfanilic  acid  solution 
(prepared  by  dissolving  0.9  gram  sulfanilic  acid  in  9  cc.  of  hy¬ 
drochloric  acid  and  diluting  to  100  cc.  with  water).  Keep  in  the 
ice  bath  for  5  minutes,  then  add  an  additional  6  cc.  of  the  sodium 
nitrite  solution,  mix  thoroughly,  and  allow  to  stand  in  the  ice 
for  5  minutes  longer.  Dilute  to  50  cc.  with  cold  water,  mix  and 
cool  in  the  ice  for  15  minutes.  Solution  B.  Dissolve  1.15  grams 
of  sodium  bicarbonate  in  20  cc.  of  water  and  add  20  cc.  of  sodium 
hydroxide  T.S.  Add  1.5  cc.  of  Solution  B  to  0.5  cc.  of  solution 
A  and  after  one  minute  add  1  drop  of  formaldehyde  and  then 
immediately  add  1  cc.  of  a  solution  of  5  mg.  of  crystalline 
vitamin  B ,  in  50  cc.  of  water.  A  pink  color  develops  slowly  and 
increases  in  intensity  on  standing.  J 

An  aqueous  solution  of  crystalline  vitamin  B,  (1 : 100)  yields  a 

ndriLPc?HCKlttateiTith  silver  nitrate  TS->  's  insoluble  in 
af  lr  ^  soluble  in  ammonia  water 

Moisten  0.1  gram  of  crystalline  vitamin  B,  with  5  droDs  of 
sulfuric  acid  and  ignite.  No  weighable  residue  remans  P 

1 0  5  cc.  of  a  2  per  cent  aqueous  solution  of  crystalline  vita- 
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min  Bj  add  5  cc.  of  sodium  hydroxide  T.S.  and  heat  gently.  The 
escaping  vapors  do  not  turn  moistened  red  litmus  paper  blue 
(ammonium  salts). 

To  a  solution  of  0.1  gram  crystalline  vitamin  Bj  in  10  cc.  of 
water,  add  2  drops  of  dilute  hydrochloric  acid  and  10  cc.  of 
hydrogen  sulfide  T.S.  No  darkening  is  produced  (heavy  metals). 

To  a  solution  of  0.1  gram  crystalline  vitamin  Bx  in  10  cc.  of 
water,  add  1  cc.  of  dilute  hydrochloric  acid  and  1  cc.  of  barium 
chloride  T.S.  No  turbidity  should  develop  in  5  minutes  (sul¬ 
fate). 

Drying.  Weigh  accurately  about  0.5  gram  and  dry  in  a 
vacuum  desiccator  over  sulfuric  acid  for  twenty-four  hours.  The 
loss  in  weight  corresponds  to  not  more  than  5  per  cent  (water). 

Nitrogen.  Determine  the  nitrogen  on  a  portion  of  the  sam¬ 
ple  obtained  from  the  previous  test  by  the  Kjeldahl-Gunning- 
Arnold  method,  or  micro-analytically  by  the  Dumas  method. 
It  shows  not  less  than  16.3  per  cent  and  not  more  than  16.8  per 
cent  of  nitrogen  (theory,  16.62  per  cent). 

Sulfur.  Weigh  accurately  about  0.3  gram  of  the  dried  sample 
from  the  test  for  water  and  explode  it  with  sodium  peroxide, 
potassium  perchlorate,  etc.,  in  a  Parr  Bomb,  using  the  standard 
quantities  of  the  reagents,  and  follow  the  directions  prescribed 
for  the  Parr  Bomb  explosions.  Treat  the  mass  with  150  cc.  of 
water,  add  just  sufficient  hydrochloric  acid  to  neutralize,  and 
add  1  cc.  in  excess.  Heat  to  boiling,  filter  if  necessary,  wash  and 
precipitate  the  hot  filtrate  with  barium  chloride  solution.  Di¬ 
gest  on  the  steam  bath  for  several  hours  or  allow  to  stand  over 
night,  wash  a  few  times  by  decantation  with  water,  filter,  then 
w^ash  until  the  washings  cease  to  give  a  reaction  for  chloride, 
dry,  and  ignite.  The  weight  of  the  barium  sulfate,  after  cor¬ 
recting  for  any  sulfate  derived  from  the  reagents,  corresponds 
to  not  less  than  9.4  per  cent  and  not  more  than  9.8  per  cent  sulfur 
(theory,  9.50  per  cent). 


Units 

The  widely  used  units  of  vitamin  Bx  are  somewhat  uncertain 
quantities  (see  Chapter  XVII).  For  rigorous  scientific  purposes 
the  International  Unit  cannot  be  assigned  a  fixed  value  as  the 
standard  adsorbate  varies  in  effectiveness  according  to  the  type 
of  test  used.  However,  for  the  use  of  mm-speriaUsts  some  sim¬ 
plification  is  necessary  even  at  the  expense  of  hv 

following  table  gives  figures  which  are  now  widely  accepted  by 
the°drutf trade  in  America  and  represent  a  P-tical  compromise 

In  accordance  with  it  most  American  drug  .  i  Unit  as 

synthetic  vitamin  rate  on  their  labels  1  International  Unit  as 

equal  to  3.33  y. 
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Table  of  Approximate 

1  gram  vitamin  Bi  crystals  (assayed  by 
modified  Smith  rat  curative  technique) 

1  International  Unit 

1  Smith  Unit  (modified  rat  curative  tech¬ 
nique) 

1  milligram-equivalent  (Cowgill) 


Equivalents 

300,000  International  Units 
150,000  Smith  Curative  Units 
600,000  Chase-Sherman  Units 
300,000  Roscoe  Units 

0.5  Smith  Curative  Unit 
2.0  Chase-Sherman  Units 
1.0  Roscoe  Unit 

20.0  milligram-equivalents  (Cowgill) 
3.33  micrograms  vitamin  Bi  crystals 

2.0  International  Units 

4.0  Chase-Sherman  Units 

6.67  micrograms  vitamin  Bi  crystals 

0.05  International  Unit 


In  explanation  of  the  Smith  Unit  in  the  table  it  may  be  said 
that  Smith  originally  proposed  a  unit  consisting  of  the  Tian- 
tity  required  to  cure  every  polyneuritic  rat  in  a.  series  used  for 
tests.  6.7  micrograms  (7  )  of  crystalline  thiamin  will  approxi¬ 
mate  this  result.  Many  workers,  however,  have  followed  the 
modified  standard  of  Waterman  and  Ammerman,  which  called 
for  the  cure  of  70  per  cent  of  the  polyneuritic  animals.  The 
quantity  necessary  to  do  this  is  about  5  7  • 

In  Continental  Europe  and  to  some  extent  in  England,  the 
International  Unit  is  often  taken  as  2  7  of  thiamin.  Some,  how¬ 
ever,  use  37.  There  is,  therefore,  great  need  for  agreement.  The 
International  Conference  on  Vitamin  Standardization  is  expected 
to  hold  a  session  during  1938.  A  standard  lot  of  the  crystalline 
substance  has  been  widely  distributed  to  various  laboratories 
in  Europe  and  America  for  thorough  testing,  the  results  to  be 
discussed  at  the  Conference. 

The  Conference  Committee  has  expressed  the  hope  that  a 
new  standard,  based  on  the  crystalline  material,  can  be  adopted. 
There  is  much  reason  for  believing  that  the  public  welfare  would 
be  best  served  by  abandoning  the  use  of  any  special  unit  for 
vitamin  Bj  and  encouraging  the  expression  of  all  assay  values 
in  terms  of  weight  of  crystalline  substance.  Special  arbitrary 
units  are  required  only  for  therapeutic  agents,  the  effective  prin¬ 
ciple  of  which  cannot  be  isolated,  identified,  and  weighed. 


BIBLIOGRAPHY 


1. 

2. 


Eijkman,  C.:  t)ber  Ernahrungspolyneuritis 
1906. 


Arch.  Hyg.  58,  150, 


Chick,  H.,  and  Hume,  E.  M.:  The  Effect  of  Exposure  to  Tempera¬ 
tures  at  or  above  100"  C.  upon  the  Substance  (Vitamin)  Whose  De- 
ficiency  in  a  Diet  Causes  Polyneuritis  in  Birds  and  Beriberi  in 
Man.  Proc.  Roy.  Soc.  B90,  60,  1917. 


170 


3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 


VITAMIN  Bx  IN  MEDICINE 


Holst,  A  :  Experimental  Studies  Relating  to  Ship  Beriberi  and 
Scurvy.  Jour.  Hyg.  7,  634,  1907. 

VfiDDBR,  E.  B.:  Is  the  Neuritis  Preventing  Vitamin  Concerned  in 
Carbohydrate  Metabolism?  Jour.  Hyg.  17 ,  1,  1918. 

Sherman,  H.  C.,  and  Grose,  M.  R.:  A  Quantitative  Study  of  the 
Destruction  of  Vitamin  B  by  Heat.  Jour.  Amer.  Chem.  Soc.  A5 
2728,  1923.  ' 

Sherman,  H.  C.,  and  Burton,  G.  W. :  Effect  of  Hydrogen-ion 
Concentration  on  the  Rate  of  Destruction  of  Vitamin  B.  Jour 
Biol.  Chem.  70,  639,  1926. 

Halliday,  N.:  Effect  of  Heat  at  Varying  Concentrations  of  Hy¬ 
drogen-ion  on  Vitamin  B  (Bj)  in  Protein  Free  Milk.  Jour.  Biol. 
Chem.  98,  707,  1932. 

Keenan,  J.  A.,  Kline,  O.  L.,  Elvehjem,  C.  A.,  and  Hart,  E.  B.: 
Stability  of  Vitamin  B  (Bj),  G  (B2)  and  B4.  Jour.  Nutrition  9, 
63,  1935. 


Guha,  B.  C.,  and  Drummond,  J.  C.:  Observations  on  the  Con¬ 
centration  of  Vitamin  Bx.  Biochem.  J.  23,  880,  1929. 

Baker,  A.  Z.,  and  Wright,  M.  D.:  Vitamin  Bx  in  Human  Diets. 
Proc.  Roy.  Soc.  Med.  29,  1145,  1936. 

Ohdake,  S.,  and  Yamagishi,  T.:  Oryzanin,  “Antineuritic  Vita¬ 
min.”  On  the  Activity  and  Thermostability  of  Oryzanin  Hydro¬ 
chloride.  Bull.  Agric.  Chem.  Soc.  Japan  11,  51,  1935. 

Barger,  G.,  Bergel,  F.,  and  Todd,  A.  R.:  Crystalline  Fluorescent 
Dehydrogenation  Products  from  Vitamin  Br  Nature  136,  259, 


1935. 


Williams,  R.  R.,  Waterman,  R.  E.,  Keresztesy,  J.  C.,  and  Buch- 
man,  E.  R.:  Studies  of  Crystalline  Vitamin  Bx.  III.  Cleavage  of 
Vitamin  with  Sulfite.  Jour.  Amer.  Chem.  Soc.  57,  536,  1935. 
Morgan,  A.  F.:  Nutritive  Value  of  Dried  Fruits.  Amer.  Jour. 
Pub.  Health,  25,  328,  1935. 

Van  Veen,  A.  G.,  and  Koks,  M.  T.:  Effect  of  the  Clayton  Process 
on  the  Vitamin  Bx  Content  of  Rice.  Geneeskund.  Tijdschr.  Ned. 
Ind.  74,  482,  1934. 

Lipmann,  F.:  Hydrogenation  of  Vitamin  Bx.  Nature  138,  1097, 


1936. 

Warburg,  O.,  and  Christian,  W.:  Verbrennung  von  Robisonester 
durch  Triphosphopyridinnucleotid.  Biochem.  Z.  287,  440,  1936. 
Karrer,  P.,  and  Warburg,  O.:  Jodmethylat  des  Nicotinsaureamids. 

Biochem.  Z.  285,  297,  1936. 

Lipmann,  F.:  A  Coloured  Intermediate  on  Reduction  of  Vitamin 
B,.  Nature  1J+0,  849,  1937. 

Michaelis,  L.:  The  Formation  of  Semiquinones  as  Intermediary 
Reduction  Products  from  Pyocyanine  and  Some  Other  Dyestutts. 


Biol.  Chem.  92,  211,  1931.  ^  ,  ,ir 

ine,  J.  K.,  Williams,  R.  R.,  Ruehle,  A.  E.,  and  Waterman, 


171 


REACTIONS  OF  THIAMIN 

R.  E.:  Studies  of  Crystalline  Vitamin  Bv  XVI.  Identification  of 
the  Pyrimidine  Portion.  Jour.  Amer.  Chem.  Soc.  59,  530,  1937. 

22  Mills,  W.  H.,  Clark,  L.  M.,  and  Aeschlimann,  J.  A.:  Studies 
in  the  Benzothiazole  Series.  Part  I.  The  Pseudo-bases  of  the 
Benzothiazole  Quaternary  Salts.  Jour.  Chem.  Soc.  123,  23o3, 
1923. 

23.  Kircher,  A.:  t)ber  die  Kondensation  von  Methyluracil  mit  For- 
maldehyd.  Ann.  Chem.  385,  293,  1911. 

24.  Clarke,  H.  T.,  and  Gurin,  S.:  Studies  of  Crystalline  Vitamin  Br 
XII.  The  Sulfur  Containing  Moiety.  Jour.  Amer.  Chem.  Soc.  57, 
1876,  1935. 

25.  Kinnersley,  H.  W.,  O’Brien,  J.  R.,  and  Peters,  R.  A.:  The 
Properties  of  Blue  Fluorescent  Substances  Formed  by  the  Oxi¬ 
dation  of  Vitamin  Bj  (Quinochromes).  Biochem.  J.  29,  2369, 

1935. 

26.  Peters,  R.  A.:  The  Action  of  Nitrous  Acid  upon  the  Antineuritic 
Substances  in  Yeast.  Biochem.  J.  18,  858,  1924. 

27.  Malcolm,  J.:  Effect  of  Formaldehyde  on  a  Vitamin  Bt  Prepara¬ 
tion  (Tiki-tiki).  Quart.  Jour.  Exp.  Physiol.  23,  83,  1933. 

28.  Heyroth,  F.  F.,  and  Loofbourow.:  Irradiation  of  Yeast  Oryzanin. 
Jour.  Amer.  Chem.  Soc.  56,  2010,  1934. 

29.  Sugiura,  K.:  The  Effect  of  X-rays  on  the  Vitamin  B  Content  of 
Wheat  Seedlings.  Radiology  21,  438,  1933. 

30.  Kinnersley,  H.  W.,  and  Peters,  R.  A.:  The  Formaldehyde-azo 
Test  for  Vitamin  Br  Biochem.  J.  28,  667,  1934. 

31.  Prebluda,  H.  J,  and  McCollum,  E.  V.:  A  Chemical  Reagent  for 
the  Detection  and  Estimation  of  Vitamin  Br  Science  81+,  488, 

1936. 

32.  Tauber,  H.:  A  Color  Test  for  Thiamin  (Vitamin  BQ.  Science  86, 
594,  1937. 

33.  Naiman,  B.:  A  Reagent  for  Vitamin  B,.  Science  85,  290,  1937. 

34.  Rosenthaler,  L.:  t)ber  zwei  Kristallfallungen  des  Vitamins  Bj. 
Zeit.  Vitaminforsch.  5,  276,  1936. 

35.  Williams,  R.  R.,  and  Cline,  J.  K.:  Synthetic  Vitamin  Bj.  Jour. 
Amer.  Chem.  Soc.  59,  216,  1937. 

36.  Todd,  A.  R.r  and  Bergel,  F.:  Aneurin.  Part  VII.  A  Synthesis  of 
Aneurin.  Jour.  Chem.  Soc.,  p.  364,  1937. 

37.  Bergel,  F.,  and  Todd,  A.  R.:  Aneurin.  Part  IX.  A  New  Syn¬ 
thesis  of  Thiochrome.  Note  on  the  Synthesis  of  Aneurin.  Jour 
Chem.  Soc.,  p.  26,  1938. 

38.  Kinnersley,  H.  W.,  O’Brien,  J.  R.,  and  Peters,  R.  A.:  Crystal¬ 
line  Vitamin  Bv  Biochem.  J.  29,  701,  1935. 


CHAPTER  XIV 


FUNCTIONAL  GROUPS  OF  THE  THIAMIN  MOLECULE 

One  could  be  pardoned  for  hoping  that  a  knowledge  of  the 
chemical  structure  of  thiamin  would  promptly  suggest  the  mode 
of  its  action  and  resolve  many  of  the  problems  that  have  plagued 
us  for  a  generation.  The  natural  processes  into  which  it  enters 
are,  however,  so  complicated  that  for  the  present  at  least  this 
knowledge  only  opens  up  a  vista  of  new  problems.  The  progress 
of  the  past  year  has  been  such  as  to  justify  optimism  for  the 
future,  but  the  gratification  of  our  more  sanguine  hopes  must  be 
deferred  for  a  time. 

Probably  the  most  important  single  advance  in  thiamin 
chemistry  during  1937  was  the  isolation  of  the  so-called  co¬ 
carboxylase  (1-4).  It  is  depicted  as  the  pyrophosphoric  ester  of 
thiamin  having  the  structure: 


Like  the  vitamin  itself,  it  is  split  by  sulfite  to  yield  the  identical 
pyrimidylmethylsulfonic  acid  as  well  as  the  same  thiazole  but 
in  pyrophosphorylated  form.  It  possesses  antineuritic  activity 
very  similar  to  that  of  the  vitamin,  but  no  details  on  this  phase 
of  the  matter  have  been  published.  It  is,  therefore,  impossible 
to  state  precisely  how  it  compares  with  free  thiamin  in  this  re¬ 
gard.  Like  thiamin  the  pyrophosphate  is  oxidized  by  fern- 
cyanide  to  a  thiochrome-like  substance.  It  also  functions  to  en¬ 
hance  the  oxygen  uptake  of  polyneuritic  brain  tissue  in  a  py- 
ruvate  phosphate  medium,  but  according  to  Peters  only  to  about 
one  tenth  the  extent  that  the  free  vitamin  does  (5).  However, 
Lohmann  and  Schuster  report  it  equally  active  in  this  respect. 
Onp  nhosnhoric  acid  molecule  is  removed  by  hydrolysis  with 


— CH»CHO  +  CO, 


CH3COCOOH 
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It  stimulates  the  growth  of  microorganisms  as  thiamin  does, 
and  there  is  a  great  deal  to  suggest  that,  in  many  instances  at 
least,  the  biological  utilization  of  thiamin  is  preceded  by  its 
conversion  to  the  pyrophosphate.  The  pyrophosphate  of  thi¬ 
amin  is  regarded  as  the  prosthetic  group  of  an  enzyme  or  enzymes, 
each  of  which  comprises  a  specific  protein  component  also.  In 
the  above  example  the  washed  yeast  cells  supply  the  protein 
component.  Neither  the  thiamin  pyrophosphate  nor  the  protein 
is  effective  by  itself,  but  the  mixture  of  the  two  is  operative. 
A  strong  parallelism  is,  therefore,  set  up  between  vitamin  Bx 
and  vitamin  B2  (riboflavin)  (see  page  132),  both  functioning  as 
coenzymes.  The  coenzyme  function  of  thiamin  is  discussed  at 
length  in  Chapter  XXVI. 

The  cocarboxylase  as  isolated  from  yeast  is  a  crystalline  sub¬ 
stance.  It  is  said  to  occur  in  yeast  in  an  amount  which  cor¬ 
responds  very  well  with  the  thiamin  content  of  yeast.  The  state¬ 
ment  has  also  been  made,  apparently  with  equally  good  evidence, 
that  thiamin  occurs  largely  as  the  pyrophosphate  in  yeast  and 
in  the  free  form  in  rice  polish.  It  has  been  suggested  that  the 
two  forms  of  vitamin  may  occur  in  dynamic  equilibrium  in  ani¬ 
mal  tissue  (6).  The  synthesis  of  the  pyrophosphate  in  amounts 
sufficient  for  biological  test  but  not  for  isolation  of  the  pure 
substance  has  been  effected  by  the  action  of  POCl3  on  free  thi¬ 
amin  (7).  An  enzymatic  synthesis  from  thiamin  by  the  action 
of  washed  yeast  cells  and  by  duodenal  mucosa  of  the  pig  gives 
nearly  100  per  cent  conversion  (8).  Other  enzymatic  syntheses 
have  been  reported  (9)  and  the  mechanism  of  the  phosphoryla¬ 
tion  of  thiamin  has  been  somewhat  studied  but  is  not  yet  clear. 
Hexose  diphosphate,  adenosine  triphosphate,  and  phosphopyruvic 
acids  have  been  considered  as  phosphate  donators  in  the  reac- 
uon.  Iodoacetic  acid  inhibits  the  enzymatic  synthesis  but  flu¬ 
oride  does  not*(6). 

Whether  or  not  the  pyrophosphate  is  the  sole  or  principal 
form  of  thiamin  which  functions  in  the  animal  body  is  ques- 
honable.  There  is  much  to  suggest  that  it  is  the  coenzyme  for 
more  than  one  enzymatic  system,  and  free  thiamin  or  perhaps 

wav  Aslnf/r0mef0therr  °mblrnai;i0n  may  also  function  in  some 
hST  AS  as  formation  of  the  pyrophosphate  is  concerned 
however,  it  would  seem  that  the  alcohol  group  of  the  thiazole 
side  chain  is  essential.  There  is  much  to  inHieotl  tu„t  (k  le 
is  necessary  for  any  form  of  b  oWical  activUv  Thu,  rr  gr°v,UP 
£und  (unpublished  results)  that®  “he e&efof  ^amta Ts  i^ 
active  upon  polyneuritic  animals,  while  its  esfpr<?  nro  S+-ln’ 
The  ethers  do  not  hydrolyze  readilv  to  frpethl  l  j  i  actlve- 
while  the  esters  do.  The  strucCe  of  twU/l-  hy*oxyl  group, 
active  for  some  plants  and  mwl.  •  th,lazoles.  which  are 
same  direction  (see  Chapter  XVI).  ganiSms  aIso  P°lnts  in  the. 
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Thiochrome 

The  amino  group  on  the  pyrimidine  ring  is  also  essential  for 
antineuritic  activity  as  shown  by  similar  evidence.  Thiochrome 
represents  the  earliest  example  of  a  substance  closely  related  to 
thiamin  chemically,  which  is,  however,  physiologically  inactive 
for  animals  and  largely  so  for  plants  and  microorganisms. 

This  very  interesting  substance  is  a  yellow  crystalline  sulfur 
containing  pigment  derived  from  yeast  (10-13).  It  has  the 
composition  C12H14N4OS,  closely  resembling  the  theoretical  free 
base  of  thiamin,  C12H17ON4S*OH,  and  differing  from  it  only  by 
the  subtraction  of  a  mole  of  water  and  two  hydrogen  atoms.  A 
structural  resemblance  between  the  two  compounds  was  early 
suspected.  Barger  and  associates  (14,  15)  showed  that  thiamin 
could  be  oxidized  to  thiochrome  very  readily  under  mild  con¬ 
ditions,  as  by  the  use  of  alkaline  ferricyanide.  Other  oxidizing 
agents  may  be  used  (16)  but  ferricyanide  has  remained  the  pre¬ 
ferred  reagent  for  the  purpose.  This  reaction  has  been  tried 
rather  extensively  and  with  fair  success  for  the  chemical  deter¬ 
mination  of  thiamin  (see  page  217).  Thiochrome  is  recognized 
and  measured  by  its  intense  blue  fluorescence  in  daylight. 

The  study  of  its  structure  proceeded  in  parallel  with  the 
elucidation  of  that  of  thiamin  and  contributed  much  to  the 
latter.  While  the  vitamin  loses  an  amino  group  by  hydrolysis, 
thiochrome  does  not  do  so.  Further,  the  fact  of  blue  fluores¬ 
cence  suggested  a  three-ring  system  in  thiochrome.  The  central 
and  distinctive  ring  was  early  supposed  to  be  formed  upon  the 
nitrogen  atom  of  the  amino  group  of  thiamin  This  was  the 
basis  of  the  earliest  formulation  of  a  structure  for  thiochrome 
by  Barger  and  associates,  and  of  a  later  formulation  by  Makmo 
and  Imai  (17).  Other  early  evidence  of  the  contrast  between 
thiamin  and  thiochrome  was  found  in  the  positive  Peters  for¬ 
maldehyde  azo  test  of  thiamin,  which  is .negative  in  the  case  of 
thiochrome.  This  was  for  some  time  attributed  to  the  free  ammo 
group  on  the  pyrimidine,  but  has  latterly  been  ascribed  to  the 
thiazole  portion  of  the  molecule  (see  below). 

As  soon  as  the  structure  of  th.arnm  was  correctly  formulated 

(iq)  that  of  thiochrome  promptly  foU°wed  (19)  and  this  wai 
presently  confirmed  by  synthesis  by  Todd  and  associates  (20). 
The  reaction  used  was  as  follows: 

/V 


H»N 


N=CC1 

CH»C  icH,Cl  + 
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Thiochrome 
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Probably  those  who  first  worked  with  thiochrome  cherished 
the  thought  that  it  would  prove  to  be  reversibly  reducible  to 
thiamin  and  thus  represent  a  stage  in  the  catalytic  utilization  o 
the  vitamin  in  organisms.  If  so,  they  fortunately  exercised  an 
excellent  restraint  in  avoiding  a  premature  statement  oi  opinion, 
for  later  events  have  brought  out  nothing  to  substantiate  such 
a  view.  Thiochrome  now  appears  to  be  a  degradation  product 
of  vitamin  which  has  already  passed  its  day  of  usefulness.  How¬ 
ever,  this  statement  must  also  be  made  with  reservation. 

Another  derivative  of  thiamin  which  threw  light  upon  the 
importance  of  the  amino  group  in  relation  to  the  physiological 
activity  of  thiamin  is  the  so-called  chloroxy  vitamin  (21).  It 
has  the  structure: 


N=C  •  OH 
CH,i  c 

u 


CHj 


CCH2CH2C1 
-CH2 •  N4  I 
|  nDH — S 

!H  Cl 


HC1 


possesses  no  physiological  activity,  and  yields  no  thiochrome- 
like  product  on  oxidation  with  thiochrome,  although  its  ultra¬ 
violet  absorption  strongly  resembles  that  of  thiamin.  Later  ex¬ 
perience  has  shown  that  the  thiochrome  reaction  is  an  excellent 
test  for  the  presence  of  the  amino  group  in  analogues  of  thiamin. 
Oxy  vitamin,  which  differs  from  chloroxy  vitamin  only  in  the 
replacement  of  the  nonionic  chlorine  by  hydroxyl,  is  also  in¬ 
active  physiologically  and  does  not  give  the  thiochrome  reaction. 

A  study  of  several  analogues  of  thiamin  has  been  published 
(22)  which  affords  further  evidence  as  to  the  groups  which  are 
functionally  important.  According  to  these  results  an  amino 
group  on  the  pyrimidine,  a  5-/3-hydroxyethyl  group  on  the 
thiazole,  a  hydrogen  atom  in  position  2  of  the  thiazole,  and  a 
methylene  bridge  between  thiazole  and  pyrimidine  are  all  in¬ 
dicated  as  necessary  to  physiological  activity.  The  formalde¬ 
hyde  azo  test  is  given  by  those  analogues  containing  a  5-/5- 
hydroxyethyl  group  and  a  hydrogen  in  position  2  of  the  thia- 
zole ,  the  thiochrome  test  by  those  with  an  amino  group  in  po¬ 
sition  4  (or  6)  of  the  pyrimidine,  and  a  hydrogen  in  position  2 
of  the  thiazole.  J.  K.  Cline  (unpublished  results)  has  found  that 
replacement  of  one  or  both  of  the  hydrogens  of  the  amino  group 
of  the  pyrimidine  by  alkyl  groups  results  in  a  hundredfold  re¬ 
duction  of  the  antmeuntic  curative  action  but  does  not  destrov 
it  altogether.  The  thiochrome  test  for  such  compounds  is  nega¬ 
tive,  as  one  would  expect. 

,  i  Thiochrorne.  and  an  analogue  of  thiamin  which  lacks  the 
ethyl  alcohol  side  chain  on  the  thiazole  were  found  nearly  or 
quite  inactive  in  promoting  the  growth  of  staphylococcus  un- 
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less  supplemented  by  the  thiazole  of  the  proper  structure  (23). 
Evidently  the  organism  can  extract  the  pyrimidine  from  these 
analogues  and  utilize  it  in  conjunction  with  the  proper  thiazole 
if  the  latter  is  separately  supplied.  (See  Chapter  XXVIII  for 
details  on  the  behavior  of  microorganisms.) 

A  different  complexion  is  given  to  the  matter  of  physiologi¬ 
cally  functional  groups  in  the  thiamin  molecule  by  German  pub¬ 
lications  (24),  which  depict  a  whole  series  of  compounds  of 
physiological  activity  resulting  from  the  substitution  of  various 
groups  about  the  molecule.  This  view  is  also  expressed  in  the 
patent  literature  (25).  In  varying  degree  these  communications 
indicate  a  great  latitude  of  choioe  of  groups  about  the  molecule. 
Particular  emphasis  is  placed  upon  the  possibility  of  increasing 
the  size  of  the  alkyl  group  upon  the  pyrimidine  and  lengthen¬ 
ing  the  bridge.  Since  the  publications  are  not  consistent  among 
themselves  and  are  not  explicit  as  to  the  organisms  used,  the 
type  of  tests  or  the  dosages  required,  we  refrain  from  a  state¬ 
ment  about  physiological  activity  of  these  variants  pending  pub¬ 
lication  of  details.  Suffice  it  to  say  that  some  degree  of  activity 
for  plants  or  microorganisms  is  no  indication  of  activity  for 
animals  as  will  be  seen  in  the  next  following  chapters.  Further, 
a  curative  action  on  pigeons  or  even  rats  cannot  be  fully  trusted 
as  evidence  of  complete  physiological  equivalence  to  the  vitamin. 
Pigeons  often  show  spontaneous  cures  or  respond  in  curative 
tests  to  substances  which  are  not  able  to  protect  the  birds  over 
periods  of  weeks  from  the  consequences  of  vitamin  Bx  deficiency. 
Only  protective  tests  on  animals  can  be  taken  as  final  evidence. 
The  effects  must  include  the  favorable  influence  on  appetite, 
growth  utilization  of  food,  etc.,  which  characterize  the  substance 
of  natural  origin.  For  the  present  it  is  safest  to  suppose  on  the 
grounds  of  biological  adaptation  that  thiamin  is  a  unique  or 
nearly  unique  molecule  which  cannot  undergo  alteration  with¬ 
out  impairment  of  physiological  utility. 

A  list  of  thiamin  analogues  follows  in  si ummary  form  con¬ 
venient  for  reference.  Only  those  are  included  for  which  chemi¬ 
cal  criteria  have  been  established. 

Analogues  of  Thiamin 

i  r  TT  riN,0,S  3-(2',6/-dihydroxy-4'-methylpyrimidyl-5')-4-meth- 

L  yM^  chlond’e,  m  y306“  (decompn.).  From  5-th.oform- 

2.  C9H12U2JN40  aimnu  „  0V1;0  /Hprnmnn )  From  6- 

Wifh  alk  KJe(CN)t.  Inactive  for  pigeons  in  5  mg.  doses. 
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o  C  HuCUNrS  •  3  H20  3 -(2^6'-diamino- 4 -methylpyrimidyl -5') -4- 

3-  SySzolium  chloride  hydrochloride  m  315°  (decompn.  >; 
picrate,  m.  255°.  From  2,6-diammo-5-thioformamido-4-methyl- 
pyrimidine  and  chloracetone  (26).  Blue  fluorescence  in  ultraviolet 
light  (not  in  visible)  when  treated  with  alk.  K3Fe(CN)e- 

4.  C10H12C1N3OS-HC1  3-(4'-hydroxy-2'-methylpyrimidyl-5  -methyl)- 
4'-methylthiazolium  chloride  hydrochloride,  m.  softens  220  .  From 

4- hydroxy-5-thioformamidomethyl-2-methylpyrimidine  and  chlor¬ 
acetone  (22).  Thiochrome  test  negative.  Inactive  for  pigeons  in 
8  mg.  doses. 

5.  C10H13CIN4S  •  HC1  3-(4'-amino-2'-methylpyrimidyl-5  -methyl) -4- 
methylthiazolium  chloride  hydrochloride,  m.  blackens  at  261-2°. 
From  4-amino-5-thioformamidomethyl-2-methylpyrimidine  and 
chloracetone  (22).  Thiochrome  test  positive.  Inactive  for 
pigeons. 

C10H14CI2N4S  3  -  (6'  -  amino  -  4'-  ethylpyrimidyl  -  5')  -  4  -  methylthia  - 
zolium  chloride  hydrochloride,  m.  252-3°  (decompn.).  From  6- 
amino-5-thioformamido-4-ethylpyrimidine  and  chloracetone  and 
C2H5ONa  heated  3  hrs.  (27).  Weak  fluorescence  in  ultraviolet 
light  when  oxidized  with  alk.  K3Fe(CN)6.  Inactive  for  pigeons 
in  2.8  mg.  doses. 

Ci2Hi4N4OS  Thiochrome,  see  p.  174,  m.  225-6°.  From  4-chloro- 

5- chloromethyl-2-methylpyrimidine  and  2-amino-4-methyl-5-(/S- 
hydroxyethyl)thiazole  heated  at  110°  for  15  min.  (20),  m.  221°; 
sublimes  at  210-5°  in  vacuo ;  hydrochloride,  m.  above  200°  (de¬ 
compn.).  From  the  vitamin  in  CH3OH  and  KOH  and  K3Fe(CN)6. 
(15).  Formaldehyde-azo  test  negative.  No  antineuritic  activity. 
Intense  blue  fluorescence  only  in  neutral  or  alkaline  solution  (14). 
Ci2Hi4Cl3N3OS  3  -(2',4'-dichloro  -6'- methylpyrimidyl  -  5'-methyl)- 
4-methyl-(5-/3-hydroxyethyl)thiazolium  chloride,  m.  206° ;  picrate, 
m.  142°.  From  2,4-dichloro-5-chloromethyl-6-methylpyrimidine 
and  4-methyl-(5-/3-hydroxyethyl)thiazole  (22).  Thiochrome  test 
negative. 

Ci2Hi4C12IN3OS  3  -(2',4 '-  dichloro  -  6  -  methylpyrimidyl  -  5 '-methyl) - 

4- methyl-(5-/3-hydroxyethyl)thiazolium  iodide,  m.  181-2°  ;  picrate, 
m.  142°.  From  2,4-dichloro-5-iodomethyl-6-methylpyrimidine 
and  4-methyl-(5-/3-hydroxyethyl)thiazole  (22). 

Ci2Hi6C13N3OS  Chloroxy  vitamin;  from  the  vitamin  and  cone. 
HC1.  3  -  (2  -  methyl  -  4  -  hydroxypyrimidyl  -  5  -  methyl)  -  4  -  methyl  - 

5- chlorethylthiazolium  chloride  hydrochloride  (21).  No  activity 
for  rats.  Thiochrome  test  with  K3Fe(CN)6  negative. 

11.  C12H16C12N40S  3  -  [  (2'  -  chloro  -  4'  -  amino  -  6'  -  methylpyrimidyl  -  5'  - 
methyl)-4-methyl-(5-0-hydroxyethyl)]thiazolium  chloride,  m  200- 
5  5  ^214_5°-  From  3-[(2',4'-dichloro-6'-methylpyri- 

midyl-5-metl^l)-4-methyl-(5^-hydroxyethyl)]thiazolium  chloride 

and  ale.  NH3  (22).  Thiochrome  test  positive.  Inactive  for 
pigeons  in  0.5  and  1.0  mg.  doses.  Corresponding  iodide  similarlv 
prepared,  m.  228  (decompn.).  No  activity.  y 


8. 


9. 
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12.  C12H16CIN3O2S  •  HC1  3- [(4'-hydroxy-2'-methylpyrimidyl-5'- 
methyl)-4-methyl-(5-j3-hydroxyethyl)]thiazolium  chloride  hydro¬ 
chloride,  m.  froths  170°,  melts  completely  at  195-7°.  From  4- 
hydroxy-5-thioformamidomethyl-2-methylpyrimidine  and  methyl- 
a-bromo-7-acetoxypropyl  ketone  (22).  Thiochrome  test  negative. 
Inactive  in  1  mg.  dose. 

13.  CnHisCUN^OS  4-methyl-5-hydroxyethyl-N-[(4-amino-6-methyl- 
pyrimidyl-5-methyl)]thiazolium  chloride  hydrochloride,  m.  242°; 
picrolonate,  m.  213°.  From  4-amino-5-bromomethyl-6-methyl- 
pyrimidine  hydrobromide  and  4-methyl-5-hydroxyethylthiazole 
(24).  Gives  a  thiochrome-like  product  on  oxidation  with 
K3Fe(CN)6. 

14.  C12Hi8Cl2N4OS  3-(6'-amino-4'-ethylpyrimidyl-5')-4-methyl-(5-/3- 
hydroxyethyl)thiazolium  chloride  hydrochloride,  m.  220°  (de- 
compn.).  From  6-amino-5-thioformamido^4-ethylpyrimidine  and 
methyl-a-chlorohydroxypropyl  ketone  and  C2H6ONa  (26).  Fluo¬ 
rescent  in  ultraviolet  light  (not  in  visible)  when  oxidized  with  alk. 
K3Fe(CN)6.  Inactive  for  pigeons  in  1.2  mg.  dose. 

15.  C13H19C1N40S  •  HC1  •  H20  3  -  [ (4 '-  amino  -  2'-  methylpyrimidyl  -  5' - 
methyl)  -  2,4  -  dimethyl  -  (5-/3- hydroxyethyl)  ]thiazolium  chloride 
hydrochloride.  From  No.  16  below  by  treatment  with  HC1  (22), 
m.  199°;  picrate,  m.  218-9°.  Thiochrome  test  negative.  Inac¬ 
tive  for  pigeons  in  100  7  doses. 

16.  C16H2iBrN402S  •  HBr  •  H20  3-[(4'-amino-2'-methylpyrimidyl-5  - 
methyl)  -  2,4  -  dimethyl  -  (5  -  0  -  acetoxyethyl)  Jthiazolium  bromide 
hydrobromide,  “Methylaneurin,”  m.  193-4°;  picrate,  m.  188-9°. 

From  4-amino-5-thioacetamidomethyl-2-methylpynmidine  and 
methyl-a-bromo-7-acetoxypropyl  ketone  (22). 
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CHAPTER  XV 


PYRIMIDINES  ASSOCIATED  WITH  THIAMIN 


Chemical  differences  between  the  natural  substances  neces¬ 
sary  for  plants  and  those  needed  by  animals  were  noted  by 
Schopfer  (1),  and  it  was  presently  discovered  that  the  require¬ 
ments  of  the  two  kingdoms  are  in  general  strikingly  different  in 
one  particular.  Animals  can  utilize  only  the  fully  synthesized 
vitamin;  plants  can  often  utilize  a  mixture  of  the  intermediates, 
which  have  been  used  in  the  artificial  synthesis,  fully  as  well  as 
the  final  chemical  combination  of  them.  This  observation  was 
made  independently  by  Robbins  and  Kavanagh  (2)  and  by 
Schopfer  and  Jung  (3). 

This  statement  needs  some  qualification,  for  it  has  been 
found  that  very  large  doses  by  mouth  of  a  mixture  of  the  in¬ 
termediates  is  effective  in  relieving  polyneuritis  in  pigeons.  Ap¬ 
parently  from  the  large  quantities  necessary  there  is  possibility 
of  an  inefficient  synthesis  in  the  alimentary  tract,  perhaps  by 
microorganisms,  or  elsewhere  in  the  body  (4).  On  the  other 
hand,  some  ten  species  of  Phytophthora  are  unable  to  use  the 
thiamin  intermediates,  thus  resembling  animals  in  their  re¬ 
quirements  (5).  . 

In  general,  however,  a  mixture  of  the  intermediates  is  ef¬ 
fective  for  plants.  In  a  few  cases  the  pyrimidine  alone  is  effec¬ 
tive;  in  a  somewhat  larger  number  the  thiazole  alone  is  effec¬ 
tive.  In  such  instances  it  may  be  that  the  inoculum  already 
contains  a  sufficiency  of  one  intermediate  or  the  other.  However, 
when  both  intermediates  are  found  to  be  required,  the  optimum 
effects  are  produced  if  the  two  intermediates  are  supplied  in 
equimolecular  proportions.  This  strongly  suggests  that  plants 
can  use  the  intermediates  to  synthesize  thiamin,  and  that  it  is 
the  latter  substance,  or  a  derivative  of  it  such  as  the  pyro¬ 
phosphate,  which  constitutes  the  physiologically  significant  en- 

tltYThat  such  synthesis  of  thiamin  actually  takes  place  has  been 
rendered  very  probable  in  one  instance  by  the  fact  that  a  syn¬ 
thetic  medium  in  which  Torula  had  been  grown  hw  been  thereby 
rendered  capable  of  supporting  the  growth  of  Phycomyces  in 
which  the  latter  was  not  originally  able  to  grow.  One  is  tempted 
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to  think  that  nature  follows  the  same  course  in  the  final  step 
of  synthesis  as  that  which  has  been  found  most  j^antagpous 
in  artificial  manufacture,  but  a  conclusion  on  this  point 

scarcely  warranted  at  present.  . 

The  efficacy  of  the  intermediates  soon  provoked  a  question 
as  to  what  variants  of  the  intermediates  might  be  permissible. 
An  early  study  of  this  sort  was  that  of  Knight  (6),  who  found 
that  thiamin  plus  nicotinic  acid  were  essential  for  the  growth  ot 
Staphylococcus  aureus.  In  admixture  with  the  proper  thiazole, 
2-methyl-6-amino-5-aminomethylpyrimidine  and  the  corre¬ 
sponding  5-thioformamidopyrimidine  were  found  active  in  the 
same  sense  as  the  vitamin.  The  compounds  tested,  which  proved 
ineffective  in  admixture  with  the  thiazole,  were  2-methyl-6-oxy- 
5-hydroxymethylpyrimidine,  2-methyl-6-oxy-5-aminomethyl- 
pyrimidine  and  2-oxy-6-aminopyrimidine  (cytosine).  Evidently 
only  those  pyrimidines  which  constitute  fragments  of  the  vita¬ 
min  or  can  be  readily  hydrolyzed  to  such  fragments  are  physi¬ 
ologically  potent.  Similar  results  were  reported  by  Sinclair  for 
the  fungus  Phycomyces  (7).  The  5-aminomethylpyrimidine 
and  its  thioformamido  derivative  corresponding  to  the  vitamin 
were  active,  but  the  6-oxy  counterpart  of  the  second  was  not. 

Further  papers  along  this  line  are  constantly  appearing. 
Those  pyrimidines  which  have  been  found  effective  either  with  or 
without  admixture  of  the  proper  thiazole  component  all  contain 
an  amino  group  in  position  6  and  a  methyl  group  in  position  2* 
In  position  5  aminomethyl,  chloromethyl,  bromomethyl,  ethoxy- 
methyl  and  hydroxymethyl  appear  nearly  equally  efficient.  The 
thioformamido  in  position  is  qualitatively  adequate  but  not  as 
favorable  quantitatively  in  most  cases.  Perhaps  this  group  has 
some  toxic  action.  It  is  more  probable  that  it  partially  undergoes 
condensation  with  the  adjacent  amino  group  and  thus  becomes 
unavailable  for  hydrolysis.  It  has  been  noted  that  solutions  of 
the  compound  are  more  effective  if  they  are  sterilized  otherwise 
than  by  heat.  The  most  extensive  paper  in  the  field  is  that  of 
Kobbins  and  Kavanagh,  who  dealt  with  Phycomyces  (8).  They 
have  reported  on  the  following  pyrimidines: 


1 .  2-methyl-5-bromomethyl-6-amino 

2.  2-methyl-5-ethoxymethyl-6-amino 

3.  2-methyl-5-aminomethyl-6-amino 

4.  2-methyl-5-ethoxymethyl-6-oxy 

5.  2-methyl-6-amino 

6.  2,6-dichloro-5-chloromethyl-4-methyl 

7.  2,6-dioxy-5-hydroxy  methyl-4-methyl 

o.  2-methyl-5-thioformamidomethyl-6-amino 


positive 

positive 

positive 

negative 

negative 

negative 

negative 

50%  positive 


group  in  position  2^  is'eff ecUve^ in^om^nstlnces1  m ca^on^  has  found  an  ethyl 
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9.  2,4-dimethyl-6-amino 

10.  2,4,6-trimethyl 

1 1 .  2-methylmercapto-4-methyl-6-oxy 

12.  2-phenyl-4-methyl-6-carboxylic  acid 

13.  2-phenyl-4,6-dicarboxylic  acid 

14.  4-methyl-5-hydroxymethyluracil 

1 5.  2-amino-5-methyl-l ,3,4-thiodiazine 

16.  2-thioorotic  acid 

17.  2-thio-4-methyluracil 

18.  orotic  acid 

19.  5-iodouracil 

20.  uracil-4-aldehyde 

21.  2-thiouracil 

22.  uracil-5-carboxylic  acid 

23.  1,4-dimethyluracil 

24.  2-thioimino  barbituric  acid 

25.  5-ethyl-4-methyluracil 

26.  5-bromouracil 

27.  2-thio-4-hydroxymethyluracil 

28.  4,5-diomethyluracil 

29.  2-methyl-6-mercapto 

30.  2, 5-dimethy  1-6-amino 

31.  2, 5-dimethy  1-6-oxy 

32.  2-methyl-4-amino-6-hydroxy 

33.  uracil 


negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative 

negative  * 

negative  * 

negative  * 

negative  * 

negative  * 


*  Quoted  from  Schopfer  (9). 


Several  instances  have  been  cited  in  which  analogues  of 
thiamin  containing  the  correct  thiazole  group  in  chemical  com¬ 
bination  with  a  wrongly  constituted  second  nucleus  have  never¬ 
theless  been  effective  in  admixture  with  one  of  the  correct  py¬ 
rimidines,  e.g.,  No.  2  above.  Apparently,  in  some  instances,  the 
organism  can  split  apart  the  two  nuclei  and  use  the  properly 
constituted  portion  to  combine  with  another  suitably  consti¬ 
tuted  intermediate  to  make  thiamin.  The  tentatively  known  ex¬ 
amples  of  such  partially  reconvertible  condensates  are  3- (2,  6-di- 
chloro  -  4  -  methyl  -  pyrimidine-  5-  methyl)  -4-methyl-5-/3-hydroxy- 
ethylthiazolium  chloride  (Bowman),  3-benzyl-4-methyl-5-/3-hy- 
droxyethylthiazolium  chloride,  and  3-(4',  5'-methylimidazole)- 
4-methyl-5-/3-hydroxyethylthiazolium  hydrochloride  (9).  Syn¬ 
thesis  of  thiamin  from  the  appropriate  pyrimidine  and  thiazole 
by  the  agency  of  plants  is  relatively  well  established  (see  Chap¬ 
ter  XXVIII).  .  ...  ... 

The  synthetic  chemistry  of  the  pyrimidines  which  are  ot  in¬ 
terest  in  connection  with  thiamin  has  been  touched  upon  on  page 
150  The  general  method  most  suitable  for  the  purpose  is  the 
condensation,  by  means  of  sodium  hydroxide  or  sodium  ethyl- 
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ate,  of  an  appropriate  0  keto  ester  with  an  amidine,  e.g.,  ace- 
tamidine  if  a  methyl  group  is  desired  in  position  2  of  the  resulting 
pyrimidine.  Urea,  thiourea,  or  ethyl  pseudo-thiourea  are  most 
often  used  if  substituents  other  than  alkyls  or  aryls  are  desired 
in  this  position.  The  6-oxypyrimidine  resulting  from  such  con¬ 
densation  is  converted  with  POCl3  to  the  corresponding  chlor 
derivative,  and  this  in  turn  to  the  amino  derivative  by  means  of 
alcoholic  ammonia.  In  certain  instances  it  has  been  feasible  to 
substitute  a  0  keto  nitrile  for  the  original  0  keto  ester  and  thus 
obtain  the  aminopyrimidine  directly.  This  method  is  of  less  gen¬ 
eral  applicability,  especially  if  there  are  somewhat  unstable 
groups  on  the  carbon  atom  which  lies  between  the  keto  and 
nitrile  groups. 

The  isolation  of  the  2-alkyl-6-oxypyrimidines  is  often  diffi¬ 
cult.  One  sometimes  makes  use  of  the  principle  that  oxypyrimi- 
dines  are  amphoteric  and  are  held  in  aqueous  solution  by  alkali 
or  by  acid.  One  can  therefore  extract  with  an  immiscible  solvent 
first  in  alkaline  solution  to  remove  bases,  then  in  acid  solutions 
to  remove  acidic  impurities,  and  finally  in  neutral  solution  to 
extract  the  oxypyrimidine  from  the  aqueous  phase.  Repeated 
extractions  are  usually  necessary,  as  these  pyrimidines  are  rarely 
as  freely  soluble  in  immiscible  solvents  as  they  are  in  water. 
Sublimation  in  vacuo  is  invaluable  for  purifications  Once  pure 
the  substances  crystallize  well.  The  chlorpyrimidines  are  often 
volatile  enough  to  require  precautions  against  loss  whpn 


Some  Pyrimidines  Associated  with  the  Study  of  Thtamtm 


6-chloro-pyrimidine  (13). 


m‘  194~5°-  From  4-methyl- 
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6.  CjJItNs  2-methyl-6-aminopyrimidine  from  2-methyl-6-chloro- 
pyrimidine  (25). 

7.  C5H7N3  5-methyl-6-aminopyrimidine,  m.  175-6°;  sublimes  at 
110°  in  vacuo.  From  5-methyl-6-chloropyrimidine  (13). 

8.  C6H4CIN3  4-chloro-5-cyano-2-methylpyrimidine,  m.  63-4°.  From 
4-hydroxy-5-hydroxy-5-cyano-2-methylpyrimidine  and  P0C13  (20). 

9.  C6H5N3O  4-hydroxy-5-cyano-2-methyl pyrimidine,  m.  233-5°. 
From  ethyl-a-cyano-/3-acetamidinoacrylate  and  aq.  NaOH  (20). 

10.  C6H5CI3N2  2,4-dichloro-5-chloromethyl-6-methylpyrimidine,  m. 
38-9°.  From  2,6-dihydroxy-5-hydroxymethyl-6-methylpyrimidine 
and  POCI3  (19).  Used  for  preparing  thiochrome  derivatives. 

1 1 .  C6H&CI3N2  2,4  -  dichloro  -  5  -  chloromethyl  -  6  -  methylpyrimidine 
(XXXVI),  m.  39°.  From  2,4-dihydroxy-5-hydroxymethyl-6- 
methylpyrimidine*  and  PC15  in  POCI3  (10). 

12.  C6H6Cl2lN2  2,4-dichloro-5-iodomethyl-6-methylpyrimidine,  m. 

93.5- 4.5°.  From  2,4-dichloro-5-chloromethyl-6-methylpyrimidine 
in  acetone  and  Nal  in  acetone  (18) ;  m.  90°  (10). 

13.  C6H5CI2N3O2  2,4-dichloro-5-nitro-4-amino-6-ethyl  pyrimidine 
from  5-nitro-6-methyluracil  +  POCl3  (26) ;  m.  31°. 

14.  C6H6N4  4-amino-5-cyano-2-methylpyrimidine,  m.  249°.  From 
4-chloro-5-cyano-2-methylpyrimidine.  Also  from  4-amino-2- 
methylpyrimidyl-(5)-carboxyamide  and  POCI3  (20).  From  acet- 
amidine  and  ethoxymethylenemalonic  acid  dinitrile,  m.  249° ; 
picrate,  m.  208°  (decompn.)  (23,  24). 

15.  C6H6Cl2N2  4-chloro-5-chloromethyl-2-methylpyrimidine,  m.  54°. 
From  4-hydroxy-5-hydroxymethyl-2-methylpyrimidine  and  POCI3 

(19). 

16  C6H7N304  5-nitro-6-ethyluracil  from  6-ethyluracil  with  fuming 

HNO3  and  H2SO4  (26) ;  m.  230°.  _ 

17.  C6H7C1N2  2,5-dimethyl-6-chloropynmidine.  \  ery  volatile,  brom 

2. 5- dimethyl-6-hydroxypyrimidine  and  POCl3  (13). 

18  CsHtCINs  4,5-dimethyl-6-chloropyrimidine,  m.  52° ;  sublimes  at 
50°  in  vacuo.  From  4,5-dimethyl-6-hydroxypyrimidine  and  POCl3 


19.  CeH7Cl  N4O2  2-chloro-5-nitro-4-amino-6-ethylpyrimidine 

No.  13  above  with  cold  NH4OH  (26) ;  m.  140  -141  .  OAn_o o 

20  C«H7N302S  5-thioformamido-4-methyluracil ;  hydrate  m.  260-Z  . 

From  5-amino-4-methyluracil  and  dithioformic  acid  in  dioxane 

under  reflux  (17).  .  . _  ooo_q°  Pmm 

21.  CeHsNjO  4,5-dimethyl -6-hydroxypyrimidine,  m.  202  3  .  From 
From  2-thio-4,5-dimethyl-6-hydroxypynm.dme  and ;  H,0,  (  3) 

22  C5H,N20  2,5-dimethyl-d-hydroxypynmidme,  m.  174  subhmea 
'  at  125°  in  vacuo.  From  ethyl  sodioformylpropionate  and  acetami- 

23  C  H  rr  4  -  hydroxy  -  5  -  hydroxymethyl  -  2  -methy  lpy  nmidine,  m. 

3'  215-6°'  From  2-hydroxy-5-aminomethyl-2-methylpynm.dine  and 

NaN02  (10). 

*  Kircher,  Ann.  885,  293, 1911. 
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24.  C9H8N2O2  6-ethyluracil  from  2-thio-6-ethyluracil  +  dil.  HN03, 

(26)  m.  205°.  .  ,  oc. 

25.  C6H8N40  4-amino-2-methylpyrimidine-5-carboxyamide,  m.  264 
5°.  From  ethyl-4-amino-2-methylpyrimidine-5-carboxylate  shaken 

with  aq.  NH3  at  room  temp,  for  36  hours  (20).  o 

26.  CeHsCINs  6-chloro-2-amino-4-ethylpyrimidine,  m.  120-1  .  From 
2-amino-6-hydroxy-4-ethylpyrimidine  and  POCl3  (17). 

27.  C6H8BrN3  2-methyl-6-amino-5-bromomethylpyrimidine.  From 
2-methyl-6-amino-5-ethoxymethylpyrimidine  and  HBr  in  HAc ; 
hydrobromide,  m.  192-3°  (15).  From  2-methyl-6-amino-5-hy- 
droxymethylpyrimidine  and  HBr;  hydrobromide  (XXVII),  m. 
213°  (decompn.)  (10). 

28.  CeHsCINs  2,6 -dimethyl  -  4  -  chloro  -  5  -  aminopyrimidine,  m.  80°  ; 
picrate,  m.  169°.  From  2,6-dimethyl-4-hydroxy-5-aminopyrimi- 
dine  and  PCI5  in  POCI3  (10). 

29.  C6H8BrN3  4-amino-5-bromomethyl-6-methylpyrimidine.  From 
4-amino-5-hydroxymethyl-6-methylpyrimidine  and  HBr;  hydro¬ 
bromide  (XXIX),  m.  210-2°  (decompn.)  (10). 

30.  C6H8N4S  6-amino-5-thioformamido-4-methylpyrimidine,  m.  168° 
(evolution  of  H2S),  remelts  at  230°.  From  5,6-diamino-4-methyl- 
pyrimidine  and  HCS2K  (17). 

31.  C6H8N20S  2-thio-4,  5-dimethyl-6-hydroxypyrimidine,  m.  above 
255°.  From  thiourea  and  ethyl-a-methylacetonacetate  by  conden¬ 
sation  with  C2H5ONa  (13). 

32.  C6H8N2OS  6-ethyl-2-thiouracil  from  ethyl  propionyl  acetate  and 
thiourea  (26),  m.  228°. 


33.  CeHsCINsO  2-chloro-4-amino-5-hydroxymethyl-6-methylpyrimi- 
dine,  m.  179°.  From  2,4-dichloro-5-acetoxymethyl-6-methylpyrim- 
idine  and  NH3.  Separated  from  2-amino-4-chloro-5-hydroxy-6- 
methylpyrimidine  by  treatment  with  Zn  dust  (10). 

34.  C6H8N204S  2-methyl-6-hydroxypyrimidine-5-methyl  sulfonic  acid, 
m.  above  360°  (12).  From  2-methyl-5-ethoxymethyl-6-hydroxy- 
pyrimidine,  Na2S03  and  S02  (14). 

C6H9N3  2,5-dimethyl-6-aminopyrimidine,  m.  201-2°,  sublimes  at 
80  ,  picrate,  m.  222  .  From  2,5-dimethyl-6-chloropyrimidine  (13). 
C6H9N3  2,5-dimethyl-6-aminopyrimidine,  m.  202°;  picrate,  m. 
221-3°.  From  2-methyl-6-aminopyrimidine-5-methyl  sulfonic  acid 
(from  vitamin)  by  reduction  with  Na  in  liquid  NH3  (14).  From 
2, 5-dimethyl-6-chloropyrimidine  with  alcoholic  NH3  (13). 

C.6H9N3  4 , 5-dimethy  1-6-aminopy rimidine,  m.  229-31°.  From  4  5- 
dimethyl-6-chloropyrimidine  (13) . 

2,6-dimethyl-5-hydroxy-5-aminopyrimidine  (XVII)  m 
NaHSO^OO)  2,6'dlmethyl'4'hydroxy-5-PhenylazoPyrimidine  and 

39’  ^■7ethiy1-3-am<‘no;5-hydroxymethy1Pyrimidine  (XXVI) 

.194,  HC1  salt,  m.  224.  From  2-methyl-4-amino-5-amino, 

oeihSpyrimidine  dihydrochloride  and  NaN02  (10) 

40.  C6H9N30  4  -  hydroxy  -  5  -  aminomethy  1  -  2  -  methy  lpy  rimidine ;  HC1 
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salt,  m.  278  82  ;  HBr  salt,  m.  270°.  From  4-hydroxy-5-ureth- 
anomethyl-2-methylpyrimidine  HC1  salt  and  cone.  HC1  (19). 

41.  C6H9N30  2-amino-6-hydroxy-4-ethylpyrimidine,  m.  247-8°.  From 
ethyl  propionylacetate  and  guanidine  carbonate  (17). 

42.  C#H9NsO  4-amino-5-hydroxymethyl-6-methylpyrimidine  (XL), 
m.  166°.  From  6-methyl-4-amino-5-aminomethylpyrimidine  2  HC1 
salt  and  NaN02.  Also  from  2-chloro-4-amino-5-hydroxymethyl- 
methylpyrimidine  and  Zn  dust  (10). 

43.  C6H9N3O  6-methyl-4-amino-5-hydroxymethylpyrimidine  (XV),  m. 
166°.  From  6-methyl-4-amino-5-aminomethylpyrimidine  dihydro¬ 
chloride  and  NaN02  (10). 

44.  C6H9N4CI  2-chloro-4,5-diamino-6-ethylpyrimidine  from  No.  19 
above  with  SnCl2  in  HC1  (26) ;  m.  203°.  ‘ 

45.  C6H9N5S  2,6-diamino-5-thioformamido-4-methylpyrimidine,  m. 
235°  (evolution  of  H2S).  From  2,5,6-triamino-4-methylpyrimidine 
and  HCS2K  (17). 

46.  C6H9N3O3S  2-methyl-4-aminopyrimidyl-5-methylsulfonic  acid,  m. 
440°.  From  the  vitamin  treated  with  Na2S03  and  SO?  at  pH  5  (11). 
2-methyl-4-amino-5-pyrimidylmethylsulfonic  acid  (XIV).  From 
2-methyl-4-amino-5-bromomethylpyrimidine,  NaHS03,  and  S02 
to  saturation  (23). 

47.  C6HioN4  2,6-diamino-4-ethylpyrimidine,  m.  160-1°.  From  6- 
chloro-2-amino-4-ethylpyrimidine  and  ale.  NH3  in  sealed  tube  at 
180°  for  6  hr.  (17). 

48.  C6HloN4  2,6-dimethyl-4,5-diaminopyrimidine  hydrochloride  (XI) ; 
hydrochloride  *4"  ^  H20,  m.  271  j  free  base,  m.  248  ,  picrate,  m. 
235°.  From  2,6-dimethyl-4-chloro-5-aminopyrimidine  with  CH3OH 
and  NH3  under  pressure,  m.  238°  (10). 

49  C6Hi0N4  2-methyl-4-amino-5-aminomethylpyrimidine  ;  picrate,  m. 
994  •  dihvdrochloride,  m.  265°.  By  oxidation  of  vitamin  HC1 


52.  CsHioN.  5-ethyl-4,6-diaminopyrimidine,  m 
jg^-70.  From  4-iodo-5-ethyl-6-ftrnmopynmn 

220°  for  15  hr.  (14).  Condensation  product 
m.  207°  (10). 


53. 
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CjHsNiOs  2-methyl-6-hydroxypyrimidine-5  acet‘®  f£d  (28]j 
From  acetamidine  and  ethylformyl  succinate,  m.  245  -b  .  i^tnyl 

ester,  m.  179°-180°.  Amide,  m.  242°.  . 

C7H8N2O3S  2-mercapto-6-methyl  -4  -  hydroxypyrimidyl  -  (5)  -acetic 
acid  (XXXI),  m.  296°.  From  thiourea,  acetosuccinic  ester,  and 

C2H5ONa  (10).  ,  ,  .  .  . 

C7H9N3OS  4  -  hydroxy  -  5  -  thioformamidomethy  1  -  2  -methy  lpyrimi- 
dine,  m.  199-200°.  From  4-hydroxy-5-aminomethyl-2-methyl- 
pyrimidine  (19). 

C7H9N3O2S  5-thioacetamido-4-methy luracil ,  m.  265-7  .  From  5- 
amino-4-methyluracil  and  thioacetic  acid  (17). 

C7H10N4S  4-amino -5-thioformamidomethyl-2-methylpyrimidine, 
m.  187°  (decompn.).  From  4-amino-5-aminomethyl-2-methyl- 
pyrimidine  and  HCS2K  (20).  From  the  formyl  derivative  of  4- 
amino-5-aminomethyl-2-methylpyrimidine  and  P2S5,  m.  193° 
(10). 

C7H10N4S  6-amino-5-thioformamido-4-ethylpyrimidine,  m.  178° 
(evolution  of  H2S).  By  reduction  of  2-chloro-5,6-diamino-4-ethyl- 
pyrimidine  to  5,6-diamino-4-ethylpyrimidine  and  treatment  with 
HCS2K  (17). 

C7H10N4O  6-methyl-4-aminopyrimidyl-(  5) -acetamide,  m.  223°. 
From  ethyl-6-methyl-4-chloropyrimidyl-(5)-acetate  and  NH3  (10). 
C7H10N4O  2-methyl-4-aminopyrimidyl-(5)-acetamide,  m.  250° 
(XXIII).  From  ethyl-2-methyl-4-chloropyrimidyl-(5)-acetate  and 
NH3  (10).  Readily  hydrolyzed.  Corresponding  acid,  m.  270°. 
C8H11O2N3  2-methyl-4-methoxypyrimidyl-(5)-acetamide,  m.  201° 
by  side  reaction. 

C7H10N4O2  4-hydroxy-2-methylpyrimidyl-(5)-acetohydrazide,  m. 
246°.  From  ethyl  4-hydroxy-2-methylpyrimidyl- (5) -acetate  and 
hydrazine  hydrate  (19). 

C7H11N3O  2-methyl-4-methoxy-5-aminomethylpyrimidine  (XXV), 
b.  110-6°;  2  HC1  salt,  m.  150-1°;  picrate,  m.  188°.  From  2- 
methyl-4-methoxypyrimidyl- (5) -acetamide  and  KOBr  (10). 
C7H11N5O5  4-hydroxy-5-hydroxymethylpyrimidine  nitrate  (?),  m. 
146-53°  (decompn.).  From  vitamin  Bi  hydrochloride  and  HN03 
(21). 

2’4  "  dichloro  -  5  -  acetoxymethyl  -  6  -  methy  lpyrimidine 
(  XXVII),  m.  55  ,  b4  141°.  From  2,4-dichloro-5-acetoxy-methyl- 
6-methylpyrimidine  and  AgOAc  (10). 

65.  CJI.oNjO,  Ethyl  4-hydroxy-2-methylpyrimidyl-(5)-carboxylate, 
m.  191  From  acetamidine  hydrochloride,  ethyl  ethoxymethylene 
malonate,  and  C2H5ONa  (20).  J 

66'  2i^9n«  °2  tr  4"^7droxy-5-acetamidomethyl-2-methylpyrimidine,  m. 

ttpTm  ‘  A  Fr0ni  4_hydroxy-  5  -  ammomethyl  -  2-  methylpyrimidine 
HC1,  NaAc,  and  acetic  anhydride  (19) 

E‘!;y|  ^ainmo^methylpyrimidyl-CSJ-carboxylate,  m. 
ak  ^y' V  oro'2Tthylpyrimidyl-(5)-carboxylate and 

hydroxy’com^.  a„d°POCrP  Pr6Pared  ^  the  COTresP°“din« 
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68.  C8H11CIN2O  2-methyl-5-ethoxymethyl-6-chloropyrimidine.  From 
2-methyl-5-ethoxymethyl-6-hydroxypyrimidine,  b0.B  72-3°  (15). 

69.  C8Hi2N202  2-methyl-5-ethoxymethyl-6-hydroxypyrimidine.  From 
sodioformy  1-ethoxy-propionate,  acetamidine,  and  C2H6ONa  (15), 
m.  175-6°. 

70.  C8Hi2N4S  4-amino-5-thiacetamido-2-methylpyrimidine,  m.  228- 
9°.  From  4-amino-5-aminomethyl-2-methylpyrimidine  and  dithio- 
acetic  acid  (18). 

71.  CJI13N3O  2-methyl-5-bromomethyl-6-aminopyrimidine.  From 
2-methyl-5-ethoxymethyl-6-chloropyrimidine  and  ale.  NH3 ;  m. 
89.5-90.5°  (15).  ' 

72.  C9Hi2N203  Ethyl  2,6-dimethyl-4-hydroxypyrimidyl-(5)-carbox- 

ylate,  m.  164°;  free  acid,  m.  220°  (decompn.) ;  methyl  ester,  m. 
160-2°.  From  ethyl  2,6-dimethyl-4-hydroxy-5,6-dihydropyrimidyl- 
(5)-carboxylate  and  bromine  (23,  24). 

73.  C9HnClN202  Ethyl  6  -  methyl  -  4  -  chloropyrimidyl-  (5)  -  acetate 
(XXII),  m.  40-1°.  From  2-methyl-4-hydroxypyrimidyl- (5) -ace¬ 
tate  and  POCI3  (10). 

74.  C9HuC1N202  Ethyl  6-methyl-4-chloropyrimidyl-(5)-acetate,  bi.6 
1 16-7°.  From  ethyl  6-methyl-4-hydroxypyrimidyl-(5)-acetate  and 
POCI3  (10). 

75.  C9Hl2N203  Ethyl  2-methyl-4-hydroxypyrimidyl-(5)-acetate,  m. 

179°.  From  formyl  succinate  and  acetamidine  hydrochloride  in 

C2H5ONa  (10). 

76.  C9Hi2N203  Ethyl  6-methyl-4-hydroxypyrimidyl-(5)-acetate,  m. 

153°,  distg.  203-5°  at  0.5  mm.  From  ethyl  2-mercapto-6-methyl- 
4-hydroxypyrimidyl-(5)-acetate,  Pb(AcO)2  and  H202  (10). 

77.  C9H12N2S03  Ethyl  2-mercapto-6-methyl-4-hydroxypyrimidyl-(15)- 
acetate  (XXXII),  m.  218°.  From  2-mercapto-6-methyl-4-hy- 
droxypyrimidyl-(5) -acetic  acid,  C2HbOH  and  H2SO4  (10). 

78.  C9Hi3N302  2,6-dimethyl-4-amino-5-carbethoxypyrimidine,  m. 
129°.  From  ethyl  2,6-dimethyl-4-hydroxypyrimidyl-(5)-carboxy- 

late  and  POCI3  (23).  . 

79  C9Hi3N303  4-hydroxy-5-urethanomethyl-2-methylpynmidine,  m. 

173°;  HC1  salt,  m.  209°.  From  4-hydroxy-2-methylpynmidyl- 

nmvlnitrite  and  HC1  (19). 


(decompn.).  From  acetamidine,  ethylidene  malomc  ester,  and 


III.  1UU  . 

C2H6ONa  (10). 
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CHAPTER  XVI 


THIAZOLES  RELATED  TO  THIAMIN 

Mention  has  already  been  made  in  the  previous  chapter  of 
the  fact  that  for  many  plant  organisms  a  mixture  of  the  inter¬ 
mediates  is  as  effective  as  the  chemical  combination  of  them.  In 
some  instances  the  thiazole  portion  alone  is  effective.  This  phe¬ 
nomenon,  which  is  of  great  interest  from  a  biological  standpoint, 
is  discussed  in  Chapter  XXVIII.  What  is  perhaps  of  greater 
immediate  interest  to  the  chemist  is  the  variations  of  the  thia¬ 
zole  structure  which  certain  organisms  are  able  to  utilize. 

This  phase  of  the  subject  began  to  develop  with  amazing 
rapidity  soon  after  the  first  synthesis  of  thiamin  was  announced. 
It  was  a  very  natural  outgrowth  of  the  discovery  that  chemical 
combination  of  the  two  nuclei  is  often  unnecessary.  This  fact 
permitted  the  study  of  the  variants  of  each  intermediate  sep¬ 
arately  and  allowed  the  chemist  to  escape,  or  at  least  postpone, 
the  additional  labor  of  effecting  the  final  condensation  and  isola¬ 
tion  of  the  pure  thiamin  analogues  for  biological  teste.  The  final 
condensates  will  of  course  be  necessary  for  trials  upon  animal 
organisms.  Within  a  few  short  months  the  botanists  have  ac¬ 
cordingly  overshadowed  the  progress  of  the  animal  physiologists 
in  determining  the  specificity  of  the  thiamin  molecule  in  natural 
processes. 

Staphylococcus  was  the  earliest  plant  organism  to  supply 
data  as  to  the  specificity  of  the  tertiary  thiazole  structure  (1). 
4-methylthiazole  was  unable  to  act  as  a  substitute  for  the  thia- 
.  e. thiamin  when  used  in  conjunction  with  the  proper  py- 
nmiame.  However  Phycomyces  presently  proved  unresponsive 
o  a  considerable  list  of  substitute  thiazoles,  each  being  in  use 
m  conjunction  with  a  properly  constituted  pyrimidine  (2,  3). 
Uther  thiazoles  were  moderately  active.  The  two  groups  are 
listed  separately.  ^ 

Thiazoles  Inactive  for  Phycomyces 

4-methylthiazole 

4-methylthiazole  acetic  acid 

4-methylthiazole-5-acetamide 

4-methyl-5-/3-carbethoxyethylthiazole 
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thiazolidine-4-carboxylic  acid 

2.4- dimethyl-5-j3-hydroxyethylthiazole 
4-methyl-5-)3-hydroxypropyl-thiazole 
2-keto-4-methyl-2 : 3-dihydrothiazole-2-benzylidine  hydrazone 

4.5- dimethylthiazole 


Substitute  Thiazoles  Active  for  Phycomyces 


4-methyl-5-/3-ethoxyethylthiazole 
4-methy  1-5-7  -hydroxypropylthiazole  * 
4-methy  l-5-/3-chloroethy  lthiazole 
2,4-dimethylthiazolepheniodide  * 


Of  the  four  thiazoles  exhibiting  some  activity  two  are  of  such 
a  character  as  to  be  rather  readily  hydrolyzed  to  yield  the 
thiazole  of  thiamin.  These  two  showed  pronounced  activity 
though  not  equal  to  that  of  the  substance  of  natural  origin.  The 
other  two  had  less  than  2  per  cent  of  that  activity,  which  may 
possibly  be  due  to  impurities  present  in  them.  The  results  are 
in  general  accord  with  those  of  Bonner  (4),  who  tested  also  with 
Phycomyces  the  list  of  thiazoles  which  is  referred  to  below.  All 
of  them  except  No.  10  gave  negative  results  in  admixture  with 
the  proper  pyrimidine.  The  exception  is  one  which  could  pre¬ 
sumably  hydrolyze  readily  to  form  the  proper  thiazole  of  the 
vitamin. 


Thiazoles  Tested  by  Bonner 


1.  4-methy lthiazole 

2.  4-methyl-5-ethylthiazole 

3.  4-methvl-thiazole-5-aldehyde 

4.  4-methyl-5-aceto-thiazole 

5.  4-methylthiazole-5-acetic  acid 

6.  4-methyl-5-/3-hydroxyethy lthiazole  ethiodide 

7.  4-methyl-5-vinylthiazole 

8.  4-hydroxymethyl-5-ethylthiazole 

9.  4-methyl-5-bromethylthiazole 

10.  4  methyl-5- /S  -chloroethylthiazole 

11.  4  methyl-5- y-hydroxypropy lthiazole 

12.  4  methyl-5- -hydroxypropylthiazole 

13.  4  methyl-5- a -hydroxyethylthiazole 

14.  2,4-dimethyl-5-/3 -hydroxyethylthiazole 


(?) 

(100) 

(100) 

(100) 

(75) 

(75) 

(75) 

(50) 

(30) 


S'  “•  r  “s  - 

fersttss  ess 


*  Only  slightly  active. 


THIAZOLES  RELATED  TO  THIAMIN  193 

by  the  numbers  in  parentheses  following  each  name  In  each 
case  the  number  indicates  the  approximate  Pelage  of acUv 
ity  as  compared  with  that  of  the  natural  thiazole.  Bonner  s  con 
elusion  is  that  for  pea  roots  a  hydroxyl  group  (or  a  group  readily 
converted  to  hydroxyl)  in  a  side  chain  is  essential  but  that  t 
need  not  occupy  a  specific  position  on  the  side  chain, 
necessary  that  the  side  chain  containing  the  hydroxyl  occupy  a 

specific^ po  ^  recalled  that  the  hydroxyl  is  also  essential  for  all 

other  organisms  so  far  as  known  but  that  the  position  of  the 
hydroxyl  is  quite  important  for  Phycomyces  and,  so  far  as  tested, 
for  animals.  One  is  tempted  to  suppose  from  various  other  re¬ 
sults  such  as  those  of  Robbins  (5)  that  organisms  may  make  use 
of  substitute  thiazoles  by  converting  them  into  the  proper  thia¬ 
zole.  However,  Bonner’s  finding  that  for  pea  roots  the  presence, 
but  not  the  precise  position,  of  the  hydroxyl  is  necessary  strongly 
suggests  that  the  substitute  is  being  used  as  such.  It  will  be  of 
great  interest  to  see  whether  or  not  secondary  abnormalities  of 
development  occur  at  some  stage  of  the  life  cycle  when  the  or¬ 
ganism  is  restricted  to  an  unnatural  thiazole. 

The  sole  exception  to  the  evidence  for  necessity  of  a  side 
chain  hydroxyl  is  vinyl  thiazole.  It  does  not  seem  improbable, 
however,  that  the  vinyl  group  may  be  converted  in  the  aqueous 
nutrient  medium  by  addition  of  water  across  the  double  bond 
into  an  alcoholic  group. 

The  principal  contributors  of  thiazoles  for  the  above  botani¬ 
cal  studies  were  Drs.  E.  R.  Buchman,  A.  R.  Todd,  L.  R.  Cere- 
cedo,  and  H.  T.  Clarke,  to  each  of  whom  acknowledgments  are 
made  by  the  authors  of  the  original  papers. 

The  best  synthesis  of  the  natural  thiazole  is  that  of  Buch¬ 
man  (6),  consisting  of  the  condensation  of  halogenated  aceto- 
propyl  alcohol  and  thioformamide.  Similar  methods  apply  for 
most  of  the  other  thiazoles  which  are  of  interest  in  this  connec¬ 
tion.  Variants  of  the  Buchman  method  have  employed  halogen¬ 
ated  acetopropyl  esters,  ethers,  or  halides  in  lieu  of  the  cor¬ 
responding  alcohol.  Thiourea  has  been  substituted  for  thio¬ 
formamide  in  effecting  the  condensation.  In  this  case  the  2- 
amino  thiazole  is  obtained,  which  can  be  converted  with  nitrous 
acid  to  the  2-hydroxy;  this  hydroxyl  group  in  turn  is  replaced 
by  halogen  by  means  of  POCl3  and  the  halogen  by  hydrogen 
by  the  use  of  a  reduction  process.  The  later  steps  of  this  syn¬ 
thesis  are  also  common  to  another  process  which  involves  the 
condensation  of  the  halogenated  acetopropyl  compound  with 
a  metaihe  thiocyanate  in  place  of  thioformamide.  A  2-hydroxy 
thiazole  is  thus  obtained.  It  is  then  necessary  to  replace  the 
hydroxyl  with  hydrogen  as  above  indicated.  These  methods  are 
all  roundabout  and  can  scarcely  be  economical.  They  appear  to 
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have  been  devised  for  purely  scientific  purposes  or  in  some  cases 
to  escape  infringement  of  patents.  Representatives  of  each  of 
the  methods  are  found  in  the  following  tabulation  of  chemical 
data.  The  synthetic  methods  used  in  the  preparation  of  many 
of  the  thiazoles  mentioned  in  the  above  account  of  various  tests 
of  bioactivity  have  not  yet  been  published,  and  the  chemical 
data  regarding  them  are  not  available. 


Thiazoles  Associated  with  the  Study  of  Thiamin 

1.  C4H5NS  4-methylthiazole,  b.  130°;  ethiodide,  m.  144.5°.  From 
thioformamide  and  chloracetone  (8). 

2.  CfrlRNCXS  4-methylthiazole-5-carboxylic  acid,  sublimes  at  255° ; 
ethyl  ester,  m.  28°;  methyl  ester,  m.  75°.  From  thioformamide 
and  ethyl  a-chloracetoacetate  and  saponification  (8).  Methyl  ester, 
m.  73-4°,  from  the  vitamin  with  HNO3  (14). 

3.  C5H7NS  2,4-dimethylthiazole ;  ethiodide,  m.  212°  (decompn.). 
From  thioacetamide  and  chloracetone  (8). 

4.  CeHgCINS  4-methyl-5-(/S-chlorethyl)thiazole,  b3  74-5°;  picrate, 
m.  139-40°;  methiodide,  m.  165°  ;  chloroplatinate,  m.  215-8°  (de¬ 
compn.).  From  4-methyl-5-(/3-hydroxyethyl)thiazole  and  HC1  (6). 

5.  C6H8C1NS  4-methyl-5-(/3-chlorethyl)thiazole ;  HC1  salt,  m.  127- 
8°;  picrate,  m.  138°.  From  4-methyl-5-(/3-ethoxyethyl)thiazole 
and  HC1  (8). 

6.  C*H9NOS  4-methyl-5-(/3-hydroxyethyl)thiazole  ;  picrate,  m.  162- 
3°;  picrolonate,  m.  184°  (decompn.);  chloroplatinate,  m.  181° 
(decompn.).  From  the  vitamin  treated  with  Na2S03  at  pH  5  (10). 
From  chloracetopropyl  alcohol  and  thioformamide  in  alcohol.  Also 
from  7-bromo-7-acetopropyl  alcohol  and  thioformamide  (6,  11). 

7.  C6H9NOS  4-methyl-5-(/3-hydroxyethyl)thiazole,  b7  135°,  b3  123- 
4°  •  picrate,  m.  163-4°.  From  4-methyl-5-acetomethylthiazole  by 
saponification  with  NaOH  (9).  From  methyl-a-chloro-7-acetoxy 
ketone  and  thioformamide;  picrate,  m.  162-3°  (12).  From  4 

methyl-5-(/3-chlorethyl)thiazole  and  H20  (8). 

8.  C6HuN2OS  2-amino-4-methyl-5-0S-hydroxyethyl)thiazoIe,  b2 1  /  2 

5°,  m.  85-90°  ;  picrate,  m.  213°.  From  thiourea  and  methyl-a-chloro- 
7-hydroxypropyl  ketone  (13).  .  .  n  , 

9.  C7H9C1N2S  4'-methylthiazole-3',2',l,2-(5-methyl-imidazol)hyd  - 

chloride,  m.  242°.  From  2-mercapto-4-methyl-imidazol  and  chlor¬ 
acetone  by  condensation  by  C2H5ONa  (9). 

10.  CsH,oC1N02S  2-chloro-4-methyl-5-acetoxyethylthiazole,  bo!  1 

5°.  From  2-hydroxy-4-methyl-5-acetoxyethylthiazole  and  > 

11  CoHuNOoS  4-methyl-5-acetoxyethylthiazole,  bs  112°;  Pirate,  m. 
133°.  From  2-chloro^-methyl-5-acetoxyethyl-thiazole  by  redu 

tion  with  Zn  dust  and  AcOH  (9).  ,  in7°-ll20  Hv- 

12.  CoHnNCbS  Ethyl  4-methylthiazole-5-acetate,  b,  07  n2^ 

drobromide,  m.  168°.  From  thioformamide  +  ethyl  P  Drom 
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levulinate.  Yields  free  acid  by  hydrolysis,  m.  189°.  Amide,  m. 
136°.  Acethydrazide,  m.  111°  (7). 

13  C8H11NO3S  2-hydroxy-4-methyl-5-acetoxyethylthiazole,  m.  • 

From  7-aceto  propylacetate  by  bromination  and  treatment  with 

14  CJHwNOS  -methyl- 5-  (0  -  ethoxyethyl) thiazole,  b.  235°  (de- 

compn.);  H2PtCl6salt,  m.  154-5°;  PtCU  salt,  m.  144-5  ;  picrate, 
m.  112°.  From  thioformamide  and  methyl-a-chloro-7-ethoxypro- 

pyl  ketone  (8).  0  „ 

15.  C10H8N2S  4/-methylthiazole-3',2/,l,2-benzimidazol,  m.  1 65  .From 
mercaptobenzimidazol  and  chloracetone  condensed  by  C2H5OMa 


16.  C10H10INS  4-methyl-3-phenylthiazolium  iodide,  m.  241°.  From 
thioformamide  and  chloracetone  and  further  treatment  with  KI 
in  H20  (8). 

17.  CnH12INS  2,4-dimethyl-3-phenylthiazolium  iodide,  m.  210°.  From 
thioacetanilide  and  chloracetone  and  refluxing  for  1.5  hr.  with  KI 


in  H20  (8). 

18.  Ci3Hi6NOS  2,4-dimethyl-5-(j8-phenoxyethyl)thiazole  ;  picrate,  m. 
122°.  From  methyl-a-chloro-7-phenoxypropyl  ketone  and  thio- 
acetamide  warmed  over  free  flame  (12). 
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CHAPTER  XVII 


METHODS  OF  ASSAY  OF  THIAMIN 

With  such  a  confusing  history  as  that  outlined  in  Chapter  X 
freshly  in  mind,  the  reader,  even  if  inexperienced  in  this  special 
field  of  nutritional  studies,  will  recognize  that  there  are  extreme 
difficulties  associated  with  the  biological  assay  of  any  foodstuff. 
Bi,  the  earliest  known  member  of  the  B  group,  can  still  be  de¬ 
termined  only  with  an  approximate  degree  of  precision.  Many 
different  methods  of  assay  have  been  proposed  and  are  still  in 
use.  The  earliest  involved  the  use  of  the  domestic  fowl  and  was 
patterned  after  Eijkman’s  original  experiments.  Schaumann  and 
Funk  substituted  the  pigeon  and  introduced  the  practice  of  ob¬ 
serving  the  weight  of  the  birds  from  day  to  day  while  they  were 
being  maintained  upon  an  experimental  diet.  Soon  after  this  the 
method  based  on  the  growth  of  young  rats  came  into  being. 

The  process  of  evolution  has  gone  on  in  this  fashion  until 
there  are  today  about  twenty  methods  in  more  or  less  current  use 
or  actively  advocated  by  certain  groups  of  workers.  Some  of  the 
methods  are  passing  into  obsolescence,  but  in  numerous  instances 
results  obtained  by  one  of  the  less  suitable  methods  afford  our 
only  knowledge  on  the  occurrence  of  the  substance  in  particular 
foods.  An  evaluation  of  all  the  methods  is  therefore  necessary  to 
a  full  utilization  of  existing  literature  data. 

The  methods  which  deserve  special  discussion  fall  into  the 
following  classification : 

I.  Methods  based  on  prevention  of  polyneuritis 

(a)  Fowls  on  a  polished  rice  diet.  (Eijkmann  and  many  other 

early  workers) 

(b)  Pigeons  on  polished  rice  or  synthetic  diets.  (Funk  and  manv 

others)  J 

5;jc.e. birds  on  Pushed  rice  diet.  (Jansen  and  Donath) 

(a)  Chicks.  (Elvehjem) 

(e)  Rats.  (Scheunert  and  Schieblich) 

II.  Methods  based  on  rate  of  growth 

(a)  Rat  growth.  (Sherman,  Chick,  Roscoe) 

( b )  Mouse  growth.  (Cerecedo) 

III.  Methods  based  on  weight  maintenance  of  adult  animals 

(a)  Pigeons.  (Seidell,  Cowgill) 
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IV .  Methods  based  on  restoration  of  weight  and  appetite 

(a)  Pigeons.  (Cowgill) 

( b )  Rats.  (Westenbrink,  Moll) 

(c)  Dogs.  (Cowgill) 

V.  Methods  based  on  cure  of  polyneuritis 

(а)  Pigeons.  (Peters  and  many  others) 

(б)  Rats.  (M.  I.  Smith) 

VI.  Methods  based  on  cure  of  particular  symptoms 

(a)  Bradycardia  in  rats  and  pigeons.  (Birch  and  Harris) 

(b)  Nystagmus  in  rats.  (Whipple  and  Church) 

VII.  Chemical  methods 

(a)  Azo  test.  (Kinnersley  and  Peters) 

(b)  Coupling  with  aromatic  diazo  reagent.  (McCollum  and 

Prebluda) 

(c)  Conversion  to  thiochrome.  (Jansen- Westenbrink) 
id)  Precipitation  methods.  (Spruyt) 

VIII.  Methods  based  on  behavior  of  plants  and  microorganisms 

(a)  Yeast  growth  and  fermentation.  (R.  J.  Williams,  Frey, 

et  al.) 

(b)  Growth  of  Phycomyes  Blakesleeanus.  (Schopfer) 

(c)  Growth  of  cocci.  (Knight) 

id)  Germination  of  seeds  of  higher  plants.  (Kogl,  Bonner,  Rob¬ 
bins) 


Many  of  the  foregoing  methods  have  been  subjected  to  varia¬ 
tion  as  to  the  type  of  diets,  use  of  voluntary  vs.  forced  feeding, 
choice  of  reference  standards  of  performance,  units  of  activity, 
etc  Not  infrequently  there  have  been  used  methods  or  standards 
representing  blends  of  two  or  more  of  the  above-indicated  tests. 
In  some  instances  still  more  complex  criteria  have  been  followed, 
such  as  excellence  of  reproduction  or  lactation  combined  with 

growth  or  weight  maintenance.  ,  c 

g  In  considering  the  choice  of  a  method  of  assay,  one  must  of 
course  be  guided  by  many  considerations  having  to  do  with  the 
narticular  case  Thus,  a  method  which  may  be  quite  satisfactory 
for  a  Hch  concentrate  may  be  unsuitable  for  the  assay  of  foods  of 
low  thiamin  content;  one  which  is  suitable  for jm  abundant 
nmteria?  may  be  unsuitable  for  blood  specimens  which  are  avail¬ 
able  only  in^scanty  amounts;  procedures  which  are  adapted  to 
laboratories  charged  with  a  continuous  program  of  assaying  may 
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for  the  assay  of  therapeutic  concentrates  or  synthetic  products, 

and  finally,  those  suitable  for  clinical  purposes. 

Whatever  the  particular  purpose,  one  must  judge  test 
methods  first  of  all  on  the  basis  of  their  specificity.  If  the  criterion 
adopted  is  not  a  true  measure  of  the  amount  of  thiamin  present, 
independent  of  the  presence  or  absence  of  accidental  or  un¬ 
controlled  contaminants,  it  has  very  serious  shortcomings.  The 
same  requirements  as  to  quantitative  precision  will  not  apply  to 
all  circumstances,  for  in  some  instances  one  may  well  be  justified 
in  sacrificing  accuracy  to  expedition  or  convenience  or  to  the  size 
and  character  of  sample  available.  But  as  to  assays  of  foods,  it 
applies  with  great  force.  An  estimation  of  thiamin  intake  by 
assay  of  the  many  components  of  a  mixed  diet  is  subject  to  so 
many  possible  errors  that  the  most  rigorous  care  is  necessary  to 
produce  a  significant  result. 

Reproducibility  is  often  mistaken  for  accuracy  or  cited  as 
evidence  of  specificity.  A  method  may  have  high  precision,  that 
is,  may  be  reproducible  again  and  again  with  only  slight  variation 
of  result,  and  yet  be  quite  inaccurate  because  of  some  constant 
error.  One  may  shoot  unerringly  and  still  find  that  he  has  been 
shooting  at  the  wrong  target. 

Scanning  the  above  methods  with  this  feature  in  view  and 
considering  the  problem  from  the  standpoint  of  human  dietaries, 
the  methods  which  are  based  on  prevention  or  cure  of  polyneuritis 
are  superior  to  the  others.  Other  dietary  deficiencies  may  cause 
loss  of  appetite  or  of  weight  or  cessation  of  growth.  Only  a  de¬ 
ficiency  of  thiamin,  so  far  as  we  know,  can  cause  polyneuritis. 
One  can  but  wish  that  polyneuritis  were  a  more  definite  and 
easily  recognizable  entity  and  therefore  must  approve  every 
effort  to  reduce  it  to  objective  measurement.  The  bradycardia 
method  represents  such  an  effort,  but  since  bradycardia  is  not  a 
necessary  symptom  of  polyneuritis  in  all  species,  we  must  view 
it  with  reserve  till  the  case  is  better  established  than  at  present. 
In  human  beriberi  tachycardia  is  common,  but  bradycardia  is 
rarely  if  ever  encountered.  While  this  may  be  due  to  peculiarities 
ot  the  human  species  as  compared  with  the  rat,  one  cannot  safely 
assume  it  without  evidence.  The  nystagmus  test  is  another  effort 
to  use  an  objective  measure  of  polyneuritis.  This,  however,  at 

la  rv?kS  -th?  ,veyific^tlon  of  experience  in  numerous 

laboratories.  Chemical  tests  when  fully  perfected  will  probably 

hiitTh^0^  SfhGCJfiC  WG  aS  more  Precise  than  any  bioassay, 

can  be  ada>ted  to 
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Thiamin  has  a  most  pronounced  effect  upon  appetite,  growth, 
weight  maintenance,  and  reproductive  function  of  higher  animals 
(see  page  64  and  following).  It  is  likewise  obviously  an  essential 
for  many  microorganisms  as  well  as  for  the  development  of  the 
embryos  of  higher  plants.  Undoubtedly  most  of  the  assays  in  the 
literature  made  by  the  various  methods  have  a  certain  quantita¬ 
tive  worth.  With  further  development  of  knowledge  of  con¬ 
current  vitamins,  nutrilites,  etc.,  which  may  come  into  play,  any 
of  these  methods  may  ultimately  attain  a  satisfactory  status  in  a 
quantitative  sense.  At  present  all  of  them  must  be  applied  with 
discretion  (1). 


Protective  Methods 

A  somewhat  more  detailed  description  of  the  more  important 
of  these  methods,  together  with  a  presentation  of  some  illustra¬ 
tive  data,  is  now  in  order.  The  methods  based  on  the  prevention 
of  polyneuritis  have  very  largely  utilized  birds  because  they  show 
symptoms  of  the  most  characteristic  sort,  as  was  brought  out  in 
the  classical  work  of  Eijkmann.  This  bird  method  is  among  the 
simplest,  least  laborious,  and  most  reliable  of  all  methods.  Satis¬ 
factory  results  may  be  obtained  by  a  novice.  It  is  only  necessary 
to  feed  the  birds  on  polished  rice  and  water,  together  with 
graduated  addenda  of  the  food  under  test,  and  observe  whether 
or  not  polyneuritis  appears.  It  is  much  better,  as  well  as  very 
simple,  to  wash  the  polished  rice  thoroughly  as  was  done  by 
Jansen  and  Donath,  whose  work  is  discussed  below.  The  rice  is 
then  substantially  thiamin-free.  Many  refinements  have  been 
proposed  by  various  workers,  but  they  are  by  no  means  necessary 
for  satisfactory  results.  One  may  add  5  per  cent  of  well- 
autoclaved  meat  scrap,  cod  liver  oil,  and  salt  mixture  to  the  diet 
to  render  it  more  adequate  in  other  respects.  For  complete  nutri¬ 
tion  of  fowls  and  pigeons,  such  addenda  are  quite  necessary,  but 
the  thiamin  deficiency  of  polished  rice  is  so  much  more  conspicu¬ 
ous  than  other  deficiencies  that  polyneuritis  appears  before  other 
disturbances  of  serious  character  intervene.  Polished  rice  is  so 
cheap  and  readily  available  as  to  offer  great  convenience  over 
diets  that  have  to  be  arduously  prepared.  Whole  wheat,  ^buck¬ 
wheat,  brown  rice  or  the  like  may  be  substituted  for  polished  rice, 
but  if  this  is  done  the  grain  must  be  thoroughly  autoclaved  for 

at  least  five  hours  at  120°  C.  .  ,  ,  ,  • 

It  has  often  been  the  practice  to  feed  the  birds  forcibly  m 

order  to  insure  a  high  food  intake  and  the  prompt  and  more  uni¬ 
form  occurrence  of  polyneuritis.  It  minimizes  inanition,  which 
often  causes  the  death  of  birds  without  definite  potyneuntic 
symptoms  having  been  observed.  There  can  be  no  doubt  that 
forced  feeding  has  this  tendency,  but  it  is  not  worth  the  aa 
ditional  labor  required,  especially  as  it  introduces  some  u 
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tainties.  Immediate  but  temporary  attacks  of  paralysis  may  be 
induced  by  the  stuffing  process. 

Di  Mattei  (2)  has  proposed  to  supplement  the  usual  thiamin- 
deficient  diets  with  sunflower  seed,  which  he  claims  prevents 
weight  loss  without  preventing  polyneuritis.  Repetition  of  this 
work  in  the  authors’  laboratory  (unpublished  results)  did  not 
substantiate  this  conclusion.  Several  varieties  of  sunflower  seed 
were  tried  and  all  were  found  to  contain  significant  amounts  of 
thiamin.  With  small  addenda  of  sunflower  seed,  weight  loss  oc¬ 
curred  to  nearly  as  great  an  extent  as  without  them.  With  large 
addenda,  complete  protection  against  polyneuritis  was  observed. 
The  authors’  experiments  differed  from  those  of  di  Mattei  in  that 
the  birds  were  not  forcibly  fed  as  in  di  Mattei’s  experiments,  so 
that  the  possibility  cannot  be  excluded  of  a  nice  balance  of  food 
intake  versus  a  low  thiamin  intake,  such  as  to  induce  a  relatively 
pure  and  uniform  polyneuritis.  The  undoubted  presence  of 
thiamin  in  the  sunflower  seed,  however,  seemed  to  make  its  in¬ 
clusion  in  the  diet  a  questionable  practice  for  assay  purposes. 
We  were  led  to  suspect  from  di  Mattei’s  results  that  sunflower 
seed  might  prove  an  exceptionally  good  source  of  B3,  but  did  not 
carry  out  the  necessary  experiments  to  answer  this  question. 

In  performing  prophylactic  assays  of  foodstuffs,  pigeons  are 
to  be  preferred  to  domestic  fowls,  as  they  develop  polyneuritis 
somewhat  more  quickly,*  that  is,  in  about  three  weeks  compared 
with  five  weeks.  The  amount  of  thiamin  in  pure  form  which  is 
required  to  protect  pigeons  against  polyneuritis,  if  fed  on  washed 
polished  rice,  is  believed  to  be  about  8  y  per  day  per  bird  On 
unwashed  polished  rice  it  is  about  iy  per  day  but  varies'con- 
siderably  with  the  degree  of  polishing  of  the  rice.  The  require- 
ment  for  domestic  fowls  is  not  known  with  precision.  Presumably 
it  is  higher  in  proportion  to  the  food  intake.  y 

All  !i1S  Wdl  t0  divide  th?  birds  int0  Sr°ups  of  four,  or  better,  six. 
AH  f  oups  are  given  washed  polished  rice  ad  libitum.  One  group 

receives  no  addendum,  another  is  given  daily,  or  every  other  day 

a  small  fixed  amount  of  the  foodstuff  under  test,  a  third  receives 

hand  m  thfform  l|d  f°  °\Ml  addenda  are  administered  by 
the  cie  of  liqTds  PeUetS  “  **  ^  °f  S°Uds  0r  » 

,•  Jbe  greatest  disadvantage  of  this  method  is  the  length  of 
the  use  of  the  rice^h-d  n  1  *  'T  ^  and  Donatb ’introduced 

kb  sws 
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Van  Veen  (4).  If  these  birds  were  readily  available  in  Occidental 
countries,  the  method  would  probably  be  widely  used.  Doubtless 
other  small  birds  would  serve  equally  well,  but  their  use  has  not 
been  standardized  experimentally.  Sparrows  have  been  found  to 
be  at  least  qualitatively  suitable  (5). 

Arnold  and  Elvehjem  (6,  7)  have  introduced  the  use  of  young 
chicks  in  quantitative  determination  of  thiamin,  using  a  rein¬ 
forced  autoclaved  grain  ration.  The  lowest  level  of  the  foodstuff 
under  assay  which  is  capable  of  protecting  all  the  chicks  from 
polyneuritis  is  determined.  About  70  7  of  pure  vitamin  per 
100  grams  of  ration  were  found  needed  for  this  purpose.  This 
permits  one  to  state  the  observed  antineuritic  value  of  a  food¬ 
stuff  in  terms  of  pure  thiamin.  The  method  has  not  yet  been  used 
by  other  workers,  and  accordingly  its  worth  cannot  be  appraised 
precisely  at  present. 

A  method  which  has  been  considerably  used  in  Germany  is 
essentially  identical  with  the  rat  growth  method  of  Sherman 
which  is  described  below.  The  standard  adopted,  however,  is 
quite  different.  It  consists  in  determination  of  the  amount  of  the 
substance  under  assay  which  is  required  to  keep  the  young  rats 
alive  for  thirty-five  days  without  gain  or  loss  in  weight  and  with¬ 
out  display  of  polyneuritic  symptoms  (8).  It  requires  about 
6  mg.  of  International  Standard  Clay  or  1.2  7  of  thiamin  per  rat 
per  day  to  produce  this  result. 


Animal  Growth  Methods 

Of  the  methods  based  on  rate  of  growth,  that  involving  the 
use  of  rats  is  much  the  most  important.  Most  of  the  assays  of 
foodstuffs  which  appear  in  the  literature  have  been  made  by  this 
method.  It  makes  use  of  young  rats  fed  upon  a  diet  of  purified 
foodstuffs,  including  carbohydrates,  fat,  protein  autoclaved 
yeast,  and  suitable  addenda  to  supply  the  fat-soluble  vitamins. 
Again  parallel  groups  of  animals  are  observed,  the  one  upon  the 
above-described  basal  diet  alone,  the  others  upon  the  same  diet 
supplemented  by  known  quantities  of  the  foodstuff  or  extract 
underassav  If  adequate  thiamin  is  present,  steady  growth  will 
occtandnyo  polyneuritis  will  develop.  Tie  quantrtyof — 
nresent  is  inferred  from  the  rate  of  growth.  Usually  several  iriai 
feveTs  of  intake  of  the  unknown  are  necessary  to  arrive  at  an 
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per  day  which  produces  growth  at  the  rate  of  10  to  14  grams  per 
week  over  a  five-week  period.  The  International  Standard  Unit 
of  Bi  is  the  activity  of  10  milligrams  of  acid  clay  activated  by 
contact  with  rice  polish  extract  in  a  definite  way.  This  amount 
of  International  Standard  Clay  produces  growth  nearly  at  the 
same  rate  as  that  adopted  by  Chick  and  Roscoe  as  standard  (10). 
The  rate  of  10  to  14  grams  is  strongly  preferred.  This  preference 
is  based  not  only  upon  the  fact  that  it  corresponds  well  to  that 
produced  by  the  International  Unit  but  also  upon  the  observation 
that  the  lower  standard  rate  of  growth  is  marginal  and  that  in¬ 
dividual  animals  tend  to  deviate  rather  more  from  the  mean  per¬ 
formance  at  this  rate  as  compared  with  higher  rates.  The  Chick- 
Roscoe  rate  of  growth  is  well  above  such  a  marginal  rate  and  yet 
is  easily  attained  in  testing  products  which  contain  more  than 
traces  of  the  antineuritic  vitamin.  One  may  utilize  either  the 
Chase-Sherman  diet,  the  Chick-Roscoe  diet,  or  any  one  of  a 
number  of  other  diets  which  differ  essentially  from  these  only 
with  respect  to  the  nature  of  the  carbohydrate  component.  This 
method  requires  meticulous  care  to  assure  an  adequate  amount  of 
the  various  B  factors  other  than  Bx;  these,  in  our  experience,  are 
iairly  adequately  supplied  by  yeast  which  has  been  autoclaved 
at  pH  6.7  to  7.0  at  fifteen  pounds’  pressure  for  six  hours.  This 
yeast  should  constitute  15  per  cent  of  the  diet. 

In  utilizing  a  rat  growth  method,  careful  attention  must  be 
paid  to  means  of  preventing  coprophagy.  This  involves  the  use 
o  screen-bottom  cages,  so  that  the  feces  do  not  remain  accessible 

r  fts  n’  J2,  It  is  also  said  to  be  effective  to  use 
ooked  starch  or  dextrine  as  the  carbohydrate  component  (14) 

trihntP^fn1^  Phen?^e?0n.  of  refection  has  been  reliably  at¬ 
tributed  to  the  growth  of  microorganisms  in  the  alimentary  tract 

ich  are  capable  of  synthesizing  vitamin  B1  and  thus  providing 

"ctS  xxvni  '*  “  ,1“  11  »  d'"«5  '«h» 

trol  group  is  continued  on  the  basal  diet  slnL*  IfTJ'  A  COn' 
are  given  graded  amountsofthefnnrkt?ff  ^  gr0UPs 
addendum  to  the  basal  diet  For  o  n  un<^er  lest  as  an 

Of  foods  which  contain  relatively  smllUmounts  oTth7’  e-!pecjally 
large  number  of  animals  in  each  ero,in?«  of  the.  vltamin,  a 
secure  precision  (9,  15).  ^  P  ls  necessary  in  order  to 

It  is  not  satisfactory  to  try  to  interpolate  or  extrapolate 
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observations  of  the  rate  of  growth.  The  experiments  must  be  re¬ 
peated  at  successive  levels  of  intake  until  the  specified  rate  of 
growth  is  actually  approximated  quite  closely.  The  need  for 
caution  against  interpolation  and  extrapolation  is  emphasized 
by  consideration  of  Figure  7,  taken  from  the  work  of  Waterman 
and  Ammerman  (16)  and  illustrating  the  effect  of  graduated 
doses  of  pure  crystalline  vitamin  upon  male  rats;  a  similar  effect 
is  noted  in  females.  It  is  obvious  that  there  exists  no  simple  pro¬ 
portionality  between  the  vitamin  intake  and  growth  rate.  The 
inconsistencies  observed  in  these  data  at  levels  of  1  to  5  7  of 
crystalline  Bi  are  an  excellent  illustration  of  the  shortcomings 
of  the  best  methods  of  bioassay  even  in  the  hands  of  workers  of 

long  experience.  ,.  . 

The  rat  growth  method  presumes  that  the  basal  diet  is  per¬ 
fect  in  all  respects  other  than  B^  This  is  probably  never  true  in 
practice.  Experience  certainly  justifies  the  view  that  there  are 
vet  undiscovered  or  at  least  ill-defined  components  of  foods  which 
contribute  in  a  more  or  less  specific  way  to  animal  well-being 
(see  Chapter  X).  Two  of  these  have  been  termed  B,  and 
respectively.  The  evidence  for  their  existence  is  not  wholly  con¬ 
vincing.  Certainly  neither  has  been  adequately  characterized 
chemically  or  physiologically.  However,  crude  foodstuffs  fre¬ 
quently  cause  growth  responses  which  single  pure  substances  fai 
to  reveal.  Accordingly  many  students  of  the  subject  object  to 
anv  assumption  that  the  category  of  vitamins  at  present  kn own 
represents  th e  *su m  total  of  the  needs  of  a  given  species.  If  the 

basal  diet  in  the  rat  growth  test  is  not  complete  in  every  y 
Dasai  cue  1  thiamin  the  method  will  give  too  high 

except  for  its  lac  ’  addendum  which  contains  an- 

of  the  results  obta ■  *  mentioned  above  are  rigorously  ob- 

correct  when  *e  precaut  method  Jg  good.  However, 

fttlntn  has  leCtll  been"  called  to  substantial  differences  in 

rates  of  growth  of  diffe7‘"of  the^ molse  ii  l  similar  way 
Others  have  Proposed  the  ^  of  "louse^  ^  jt 

(18).  No  special  advantage  is  purpose  as  is  the  rat. 

appears  to  be  equally je  1  a  dl?  little  used  for  the 

However,  the  f^^^^/p  performance  are  less  well  es- 
purpose  means  that  norms  P  fifteen  days> 

tablished  for  .t  After ■» 2t  0f  pure  thiamin 

the  mice  weigh  1(M^  gra™Sj  1  f;  duce  growth  to  a  weight  of 

^Il'graraT  W  of  thirty-five 

S  food  and  requires  Uttle 

space  for  housing. 
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eveiy  5  days.  The  chart  shows  the  in  Jkp,  afdde+nda.  "ere  given 
on  a  daily  basis  The  adrlpnriQ  ™  in;akesof  vitamin  calculated 
had  been  depleted  15  to  ?7  days  'na  «S 

females  below.  Courtesy  of  Journal  of  NutHuSr  Ma'eS  ab°Ve' 
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Weight-Maintenance  Method 

This  method  with  variations  has  been  used  by  several  workers, 
notably  Williams  and  Seidell  (19)  and  others,  but  it  is  not  to  be 
recommended.  It  appeared  attractive  at  one  time  because  of 
the  possibility  of  observing  the  weight  response  within  a  few 
days  on  giving  a  daily  dose  of  a  thiamin-containing  addendum 
to  pigeons  on  a  basal  diet  of  polished  rice  or  other  equivalent 
food.  Experience  has  taught,  however,  that  the  weight  response 
is  not  determined  solely  by  the  thiamin  given  but  also  by  the 
factor  known  as  B3  (20)  which  may  chance  to  be  present.  Ba 
cannot  at  present  be  supplied  free  from  thiamin  as  an  addendum 
to  the  basal  diet. 

There  has  been  considerable  dispute  regarding  this  question 
of  weight  maintenance  in  pigeons,  but  the  necessity  for  some  as 
yet  ill-defined  substance  which  we  may  call  the  B3  factor  is  well 
supported  by  later  work  (21,  22,  23,  24).  It  has  been  shown 
that  while  polyneuritis  is  prevented  in  pigeons  by  daily  ad¬ 
ministration  of  5  7  of  the  crystalline  vitamin,  the  normal  weight 
level  cannot  be  attained  even  with  addenda  of  160  7  daily  (see 
Chapter  XXII).  The  work  of  Jansen  and  Donath,  which  was 
published  prior  to  the  discovery  of  B3,  also  contains  evidence 
which  fully  supports  this  view.  These  authors  fed  pigeons  on 
polished  rice  with  supplements  of  30  to  60  7  of  the  pure  vitamin 
daily  and  experienced  marked  weight  losses.  They  repeated  their 
experiments,  supplementing  the  polished  rice  with  2.5  per  cent 
of  extracted  meat  powder  together  with  salts  and  cod  liver  oil, 
and  administered  12  to  24  7  of  the  vitamin  daily.  They  still  ex¬ 
perienced  a  weight  loss  amounting  to  about  10  per  cent  ot  the 
initial  weight  of  the  birds.  It  is  accordingly  impossible  to  state 
at  present  the  minimum  B!  which  the  pigeon  requires  for  weight 
maintenance  or  how  this  requirement  is  affected  by  the  quantity 
of  B3  available  (25).  If  a  supply  of  B3  free  from  thiamin  were 
available  this  weight-maintenance  method  would  probably  be 
quite  satisfactory,  as  thiamin  has  a  profound  and  immediate 

effect  on  the  weight  curve. 

Appetite  and  Weight-Restoration  Methods 

The  methods  under  this  category  have  a  certain  kinship  to 
the  animal  growth  methods  and  also  to  the  weight-maintenan  e 
method  They  resemble  both  in  that  a  weight  response  to  the 

method.  1  y  substance  under  test  is  observed  after  a 

administration  ot  the  supstance  unuu 

r»prind  of  deoletion  on  a  thiamin-deficient  diet,  they  timer  irom 
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maintenance  method  in  that  the  weight  response  to  a  single  dose 
is  taken  as  the  criterion.  They  have  a  certain  merit  over  either 
in  respect  to  rapidity  of  performance  but  are  certainly  not  as 
reproducible  as  the  rat  growth  method. 

As  applied  to  pigeons  the  basal  diet  may  have  the  same 
general  character  as  that  used  in  the  pigeon  protective  method. 
Preferably  a  diet  fairly  adequate  in  proteins,  salts,  fat-soluble 
vitamins,  etc.,  is  used.  When  the  birds  have  declined  some  25 
to  30  per  cent  in  weight,  they  are  ready  for  use  by  administering 
a  dose  of  the  material  under  test.  Block  et  al.  (26)  have  used 
a  similar  method  extensively,  as  did  Seidell  and  Williams  at  one 
time.  The  difficulty  is  that  B3  is  wanting  in  the  diet  and  the 
response  to  a  given  dose  of  thiamin  varies  with  the  degree  of 
depletion  of  this  factor  which  has  been  attained.  Grossly  mis¬ 
leading  results  were  often  obtained  when  this  method  was  used 
as  a  guide  to  fractionation  procedures. 

The  appetite  and  weight-restoration  method  as  applied  to 
rats  by  Westenbrink  (27),  by  Th.  Moll  (28),  and  Jansen  (29) 
has  greater  merit,  as  in  this  case  there  are  thiamin-free  diets 
available  which  much  more  closely  approach  complete  adequacy 
in  other  respects.  The  greatest  difficulty  is  that  one  does  not 
know  just  how  much  significance  he  should  attach  to  the  extent 
ol  rise  of  the  weight  curve  on  giving  the  test  foodstuff,  how  much 
to  the  rapidity  of  the  rise,  and  how  much  to  the  duration  of  the 
weight  response.  It  has  sometimes  been  proposed  to  divide  the 
dose  given  by  the  number  of  days  elapsing  before  the  weight  again 
falls  to  its  former  level.  Moll  proposes  to  use  the  area  under  the 

DonhiL  he  CiTG  aS  the  measure  of  thiamin  activity. 

oubtless  a  statistical  treatment  of  a  large  number  of  observa¬ 
tions  after  giving  various  known  doses  of  thiamin  would  provide 
means  of  judging  the  degree  of  precision  of  each  of  these  variants 
of  interpretation.  Such  data  have  not  yet  been  provided  The 
principal  weakness  of  this  method  is  the  lack  of  assurance  that  the 

™  due  t0lely  t0  the  thiamin  in  the  test  spedmen  The 

method  has  not  been  sufficiently  tried  for  the  assav  of  food^nff! 

m  general  to  rate  as  reliable* Certainly  it  “  much  m0“ 
peditious  and  econom  cal  of  animals  than  is  the  more  ex- 


Curative  Methods 

ventive  methods,  thev  are  thp  most  ^  exception  0f  pre- 

Of  the  polyneuritic  symptoms  developed  on  a  WghTarbohydrate 
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diet  by  a  given  dose  of  a  substance,  we  have  good  ground  for  be¬ 
lieving  that  thiamin  is  present.  A  possible  exception  is  fat  (see 
page  269),  which  has  been  reported  to  effect  such  cures  in  pigeons 
in  some  instances.  Fats  are,  however,  readily  recognized  and 
separated  from  the  thiamin-containing  portions  of  foodstuffs,  and 
in  any  case  the  amount  of  fat  required  to  produce  a  cure  is  large. 
Subsidiary  deficiencies  of  the  diet  do  not  complicate  curative  tests 
to  nearly  so  large  an  extent  as  methods  depending  on  growth  or 
weight  changes.  Curative  tests  have  great  advantages  of  con¬ 
venience  and  speed  over  the  protective  feeding  tests  or  growth 
tests.  Animals  may  be  kept  for  several  weeks  on  the  verge  of 
polyneuritis  by  careful  adjustment  of  the  thiamin  intake  so  that 
only  two  or  three  days  are  required  to  develop  polyneuritis  in 
them  when  they  are  required  for  test.  Also  the  animals  may  be 
used  repeatedly  for  successive  assays.  The  practical  advantages 
are  shared  by  certain  other  tests,  such  as  the  weight  restoration 
or  the  bradycardia  test,  which,  however,  lack  an  equal  degree 
of  certainty  as  to  specificity  and  offer  some  uncertainty  of  in¬ 
terpretation  in  a  quantitative  sense.  This  uncertainty  has  to  do 
with  the  relative  significance  of  extent  and  duration  of  response 
which  has  already  been  mentioned. 

The  animal  first  used  for  curative  tests  was  the  pigeon,  which 
develops  a  very  characteristic  polyneuritis  and  is  very  susceptible 
to  cure.  Its  disadvantages  are  two.  A  considerable  proportion 
of  a  group  of  these  birds  are  liable  to  develop  a  progressive  in¬ 
anition  without  displaying  distinctive  symptoms  at  any  time. 
Of  those  which  develop  these  symptoms  some  recover  spontane¬ 
ously  (30).  It  has  been  said  that  this  does  not  occur  on  a 
polished  rice  diet,  but  in  the  authors’  experience  this  is  not  the 
case.  Cures  have  also  been  attributed  to  glucose  and  to  heat  (31). 

A  feature  of  testing  associated  in  many  minds  with  the  pigeon 
curative  method  is  the  day-dose  principle,  whereby  the  dose 
given  is  divided  by  the  number  of  days  which  elapse  before  re¬ 
currence  of  the  symptoms,  the  quotient 

This  principle  has  been  studied  by  Coward  et  al.,loc.  cit.  lt  wa 
foundP necessary  to  use  a  suitable  empirical  cuiwe  for  relating  the 
size  of  the  dose  to  the  duration  of  cure.  It  is  clear  that  the 
duration  of  cure  cannot  be  directly  proportional  to  the  size  of ^the 
dose  for  if  this  were  the  case  a  single,  sufficiently  large  do 
would  prevent  recurrence  of  symptoms  for  the  remainder  of^he 

StlB.  fnTe“ in  p^yne^c  rats  showed  that 

5  S 

of  dose.  That  this  must  be  so  lie  giving  a  substantial 

and  Peters  (33)  have 
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recently  shown  that  the  day-dose  method  does  not  do  for  the 
assay  of  pure  thiamin,  although  they  still  believe  that  it  will 
serve  for  impure  concentrates.  The  method  has  some  practical 
convenience  in  that  a  large  dose  is  certain  to  save  the  bird,  while 
a  guess  at  a  minimum  curative  dose  may  prove  too  low.  We 
believe  that  a  preliminary  test  with  a  large  dose  to  ascertain  ap¬ 
proximate  potency  is  well  justified,  but  that  for  accurate  assays 
this  test  should  be  followed  by  repeated  trials  at  nearly  the 
minimum  curative  dosage  to  ascertain  the  percentage  of  birds 
cured.  One  cannot  trust  too  implicitly  the  older  experience 
gained  with  crude  extracts  or  with  foodstuffs,  as  there  are  many 
possible  complications,  some  of  which  are  discussed  in  later 
pages  of  this  chapter.  Experience  with  pure  thiamin  certainly 
indicates  that  the  duration  of  cure,  while  intimately  related  to 
the  size  of  the  dose,  is  a  much  less  accurate  measure  of  potency 
than  can  be  obtained  by  repeated  trial  of  the  minimum  curative 
dose.  The  extension  of  the  day-dose  principle  to  other  test 
methods  by  Jansen  ( loc .  cit.),  Moll  ( loc .  cit.),  and  by  Birch  and 
Harris  (34)  represents,  we  feel,  some  sacrifice  of  much-needed 
accuracy. 

Because  of  the  susceptibility  of  the  pigeon  to  spontaneous 
cure,  we  much  prefer  the  rat  for  curative  test  purposes.  Our  ex¬ 
perience  would  lead  us  to  recommend  this  test  unhesitatingly  as 
the  most  trustworthy  of  all  for  general  purposes.  The  method 
originated  with  M.  I.  Smith  (35).  As  adapted  in  minor  detail 
by  Ammerman  and  Waterman  (32),  it  proved  a  godsend  in  the 
development  of  an  improved  method  of  isolation  (36).  It  has 
so  gained  in  favor  in  the  United  States  that  after  extensive  co- 

XerfT  c?  puals  °f  many  ™ethods  in  twenty-five  laboratories, 
the  U.  S.  Pharmacopoeia  Vitamin  Advisory  Board  is  now  con- 
centratmg,  in  a  further  co-operative  study,  exclusively  upon  the 
<at  ^ratlve  method.  Five  variants  of  the  method  are  in- 
cluded  in  the  new  study,  the  principal  difference  among  them 
being  the  precise  composition  of  the  diet.  In  general  the  method 

nd^TedybTogwrtm0La,bOUt  6«  weigh?, on  one  oAhetets 

indicated  below  till  polyneuritis  develops,  usually  after  about 

a  SSk&Es  sgira  S&c-TF* 

under  the  skin  of  the  blck  so  twTT  lnje.ctloni!>  Preferably 
hmb  lameness  which  might  be  confused  JftV'0?  wlU  •n?t  cause 
injection  serves  very  well.  Similar  rats  are° treated ‘wifht 
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standard  preparation  of  reference  which  at  the  present  time 
should  certainly  be  pure  thiamin.  The  minimum  curative  dose 
of  the  test  substance  may  be  said  to  contain  about  5  7  of  thiamin. 
The  precise  standard  of  reference  will  be  discussed  in  further  de¬ 
tail  later,  but  it  will  be  well  to  mention  here  that  a  standard 
which  calls  for  the  cure  of  75  per  cent  of  all  animals  in  a  series 
of  tests  at  a  given  dosage  is  much  to  be  preferred  to  one  calling 
for  the  cure  of  all  animals.  The  latter  tends  to  give  undue  weight 
to  the  occasional  exceptional  case. 

The  diets  which  are  in  use  in  the  co-operative  trial  of  the 
Pharmacopoeia  Board  are  as  follows: 


Component 

No.  1 

No.  2 

No.  3 

No.  4 

No.  5 

Casein . 

18 

18 

16 

18 

18 

Salt  mixture . 

4 

4 

4 

4 

4 

Autoclaved  yeast . 

Vegetable  oil . 

12 

10 

9 

4 

10 

8 

8 

9  * 

— 

8 

Cod  liver  oil . 

2 

2 

2 

2 

2 

Cornstarch . 

56 

58 

60 

— 

58 

Sucrose . 

— 

— 

— 

61.25 

— 

Autoclaved  peanuts . 

— 

— 

— 

10.0 

Purified  liver  extract . 

Raw  brewers’  yeast . 

0.3 

0.5 

0.1_0.5 

0.75 

0.4 

*  Butter 


All  diets  except  No.  4  are  much  alike.  All  are  agreed  that  a 
small  amount  of  raw  yeast  makes  for  a  higher  percentage  of  cases 
of  typical  polyneuritis.  Unfortunately  this  co-operative  study 
utilizes  the  International  Standard  Clay  as  a  reference.  The 
method  associated  with  diet  No.  4  involves  the  duration-of-cure 
principle  which  is  said  to  be  satisfactory  for  this  diet  which  is 
designed  to  be  complete  with  respect  to  subsidiary  B  factors. 

Curative  tests  of  a  similar  sort  may,  of  course,  be  applied  to 
other  polyneuritic  animals,  such  as  the  mouse  or  the  chick,  but 
this  has  been  insufficiently  practiced  to  establish  norms  of  pre¬ 
cision. 


Bradycardia  Test 

This  is  based  on  the  fact  that  rats  on  the  usual  B,  deficient 
diets  are  subject  to  a  marked  fall  in  heart  rate  as  the  condition 
n  oeresses  toward  a  forthright  polyneuritis.  When  the  heart  ra  e 
reaches  300  to  350,  which  occurs  in  about  forty  days,  a  single 
J  “  nf  the  substance  under  test  is  administered  by  mouth  or  by 
•  tVen  Tf  thiamin  is  present,  the  heart  rate  rises  promptly 
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quantity  of  thiamin  in  the  dose.  Use  of  pure  thiamin  in  similar 
tests  permits  conversion  of  the  results  into  micrograms  of 
thiamin.  The  method  was  proposed  by  Drury,  Harris,  and 
Maudsley  (37)  and  further  refined  and  studied  by  Birch  and 
Harris  (38).  A  statistical  treatment  of  the  precision  of  the 
method  has  recently  been  provided  by  Leong  and  Harris  (39). 
Also  a  paper  by  Harris  (40)  gives  an  excellent  resume  of  the 
method  and  of  a  number  of  impressive  studies  which  have  been 
carried  out  with  it,  which  will  be  discussed  in  other  connections 
(see  Chapters  XVIII  and  XIX).  The  bradycardia  is  said  to  be 
unaffected  by  other  B  vitamins  (41).  An  electrocardiograph  is  re¬ 
quired,  and  from  the  testimony  of  those  in  America  who  have 
tried  it,  considerable  skill  is  required  to  obtain  reproducible  re¬ 
sults,  as  the  degree  of  passivity  of  the  animal  affects  the  heart 
rate  (42). 

Carter  and  Drury  extended  the  study  to  the  pigeon,  which 
exhibits  a  heart  block  as  well  as  bradycardia  (43).  Carter  (44) 
once  ascribed  the  heart  block  to  some  other  factor  than  B2,  as  it 
was  not  cured  by  doses  sufficient  to  clear  up  polyneuritis.  Es¬ 
sentially  the  bradycardia  method  above  outlined  has  been  utilized 
for  the  study  of  pigeons  (45). 

In  spite  of  the  extended  series  of  apparently  successful  ap¬ 
plications  of  the  method,  it  seems  that  its  specificity  should  be 
tested  more  rigorously  than  has  yet  been  done.  There  can  be  no 
question  that  pure  thiamin  has  the  effect  of  raising  the  heart  rate 
of  rats  m  proportion  to  the  quantity  administered.  However  it 
has  not  been  shown  that  the  heart  rate  is  independent  of  the 
character  of  the  diet  or  of  the  food  under  test.  Birch  and  Mann 
(4b)  reported  a  Bx  free  coenzyme  which  seemed  to  show  some 
curative  effect  upon  rat  bradycardia,  and  Birch  and  Mapson  (47) 
found  that  adenosine  or  adenylic  acid  from  muscle  or  yeast  ac¬ 
centuates  the  bradycardia.  Such  effects  may  not  interfere  with 
the  test  for  many  purposes,  but  for  the  assay  of  foodstuffs  which 
have  to  be  given  in  large  amounts  to  effect  a  cure  because  of  their 
low  thiamin  content,  such  secondary  influences  might  well  intro¬ 
duce  serious  discrepancies.  For  example,  if  adenine  compounds 

?nrethff  ;Vf  bJ  mouth’  the  relative  amount  of  such  compounds 
in  the  test  food  as  compared  with  that  in  the  basal  diet  mic-ht  h p 

S:tuZr^as  the  rociaved  yeast' iTtSM 

fluence  the  Mult  This  ^0?  dXl ' ^  ^  ™ght  in- 

probable  by  the  observations  of  Parfde  48  I  Vhn  tbe.mor! 
a  verv  serirm<?  t  ^  r,e  who  has  contributed 

to  Ms^experiments^1whtch0!!nn!>e  bradycardia  ™thod.  According 

is  induced  merely  by  restricting  *11-,°  Soun.d’  bradycardia  in  rats 


212 


VITAMIN  Bx  IN  MEDICINE 

siders  it  a  consequence  of  inanition  rather  than  of  thiamin  de¬ 
ficiency  per  se.  It  parallels  the  fall  of  body  temperature  and  the 
declining  weight  curve.  The  surprisingly  high  thiamin  contents 
of  leaf  and  root  vegetables  reported  by  Baker  and  Wright  might 
be  due  to  such  a  cause.  At  all  events  the  whole  history  of  vitamin 
testing  has  proven  so  full  of  pitfalls  that  utmost  care  should  be 
taken  to  exclude  such  possibilities  before  the  literature  is  filled 
with  results  that  may  have  to  be  revised.  One  should  at  least 
make  sure  that  a  variety  of  thiamin-deficient  diets  all  lead  to 
substantially  the  same  degree  of  bradycardia  and  that  it  is  equally 
curable  by  pure  thiamin.  Sampson  (50)  has  called  attention  to 
the  fact  that  the  drop  in  heart  rate  with  age  in  normal  rats  be¬ 
tween  twenty-eight  and  fifty-six  days  of  age  is  quite  sufficient  to 
introduce  a  sensible  error.  He  has  also  noted  that  thiamin  given 
in  the  form  of  International  Standard  Clay  results  in  a  lower 
heart  rate  than  is  the  case  if  pure  thiamin  is  given  in  an  amount 
sufficient  to  produce  equal  growth. 


Growth  Rates  of  Rats  on  Chase-Sherman  Diet  with  Bi  Addenda 
(Kindness  of  Mr.  W.  L.  Sampson) 


Daily  Addendum 


3.5  y  thiamin . 

4.0  y  thiamin . 

4.5  y  thiamin . 

10  mg.  International  Standard 


3.5  7  thiamin . 

4.0  7  thiamin . 

10  mg.  International  Standard 


4.0  7  thiamin . . 

10  mg.  International  Standard 


Growth  in  28 
Days,  Grams 


26.9 

26.3 

31.3 
28.5 

20.8 

26.8 

26.3 


Heart  Rate  at 
End  or  Period 


429 

429 

454 

395 

418 

432 

397 

422 

372 


Such  deviations  might  be  due  to  any  one  of  several  causes .The 
clav  supplies  thiamin  in  less  available  form,  but  it  a  so  supp  e 

specimens.  °TheTsults°  of  such  assays  which  have  abeady  been 
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as  a  gauge  of  antineuritic  potency.  It  depends  on  the  fact  that 
if  rats  are  rotated  in  a  horizontal  position  with  the  head  at  the 
center  of  rotation,  movements  of  the  eyes  are  induced  (nystag¬ 
mus).  The  duration  of  nystagmus  is  prolonged  in  Bx  deficiency 
but  is  normalized  by  administering  the  vitamin.  It  has  not  been 
subjected  to  systematic  trial  for  assay  purposes,  and  need  not 
be  discussed  further. 


Units  and  Standards 

Before  proceeding  to  the  discussion  of  chemical  methods  of 
assay  of  thiamin,  it  will  be  well  to  discuss  the  matter  of  units 
and  standards.  These  were  devised,  prior  to  the  availability  of 
pure  thiamin,  as  a  means  of  expressing  the  antineuritic  potency 
of  foodstuffs,  concentrates,  etc.,  in  some  common  terms.  In  early 
times  the  antineuritic  value  of  a  food  was  sometimes  expressed 
in  terms  of  equivalence  to  a  given  weight  of  rice  polish  or  dry 
yeast.  These  standards  were  unsatisfactory  because  the  standard 
materials  vary  in  activity  from  specimen  to  specimen.  To  remedy 
this,  there  was  adopted  (52)  an  International  Standard  consisting 
of  acid  clay  adsorbate  of  vitamin  B!  from  rice  polish  extract, 
made  in  a  fairly  well  defined  manner,  essentially  according  to  the 
method  used  by  Jansen  and  Donath  as  a  first  step  in  their  isola¬ 
tion  procedure.  An  International  Unit  was  defined  as  the  an- 
tineuritic  activity  of  10  milligrams  of  this  adsorbate. 

This  particular  choice  has  in  the  past  two  or  three  years 
proven  to  be  very  unfortunate  from  one  standpoint  in  that  the 
thiamin  which  it  contains  is  not  always  (perhaps  never)  fully 
and  promptly  released  in  the  digestive  tract  of  experimental 
animals.  Healthy  rats  appear  to  be  able  to  elute  the  thiamin 
from  the  clay  fairly  successfully,  but  as  they  approach  the  poly¬ 
neuritic  state  they  do  so  less  and  less  efficiently.  On  this  account 
e+  sllPPOsedly  Standard  Unit  has  a  larger  value  in  protective 
tests  than  in  curative  ones.  Sampson  and  Keresztesy  (53)  found 

ufoKfr  °f  ^  ay  ea^’  given  by  mouth’  cured  seventeen 
out  of  twenty-five  polyneuritic  rats,  or  68  per  cent.  When  the 

'  aLSs  extraeted  with  quinine  sulfate  according  to  the  method 
of  Williams  et  al,  the  extract  of  10  milligrams  of  the  clav  was 

caSleor  75Cnrer  "  P*  t  ‘°  the  uextent  °f  .fifteen  out  of  twenty 
i  j  Per  cent.  In  another  experiment  these  authors 

a  portlo.n  °f  a  Pure  thiamin  solution  with  fuller’s  earth 
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Once  this  fact  was  established  a  review  of  the  literature 
clearly  revealed  gross  discrepancies  which  could  be  explained  by 
the  simple  assumption  that  the  efficiency  of  elution  of  the  vitamin 
in  the  alimentary  tract  varies  with  the  condition  of  the  animals. 
Thus  Smith  and  Seidell  (55)  reported  that  20  milligrams  of 
International  Standard  represented  the  minimum  curative  dose 
for  polyneuritic  rats  without  stating  how  many  animals  were 
used  or  what  percentage  were  cured,  although  100  per  cent  is 
implied.  Roscoe  (56)  found  in  the  case  of  rats  that  10  milligrams 
of  the  clay  cured  30  per  cent;  20  milligrams,  60  per  cent;  30  milli¬ 
grams,  80  per  cent;  ten  rats  being  used  for  each  test.  The  former 
authors  conclude  that  one  International  Unit  equals  3  7  of  pure 
thiamin;  the  latter  did  not  make  an  estimate  in  terms  of  the 
pure  substance.  However,  Mr.  W.  L.  Sampson  has  kindly  sup¬ 
plied  us  with  the  following  further  results  of  curative  tests  on 
polyneuritic  rats: 


Comparison  of  International  Standard  Adsorbate  and  Thiamin 

Chloride  by  Mouth 


Material 

Dose 

Number  of 
Ratb 

Number 

Cured 

Per  Cent 
Cured 

International  Standard  .... 

18  mg. 

18 

7 

38.8 

International  Standard  .... 

20  mg. 

25 

17 

68.0 

International  Standard  .... 

22  mg. 

25 

20 

80.0 

Thiamin . 

4  y 

38 

20 

52.6 

Thiamin . 

5y 

55 

40 

72.7 

Thiamin . 

6  y 

30 

25 

83.3 

These  results  indicate  that  one  I.U.  is  equivalent  to  2.5  7  of 
thiamin  or  slightly  less  in  rat  curative  tests  when  the  Standard  is 
given  as  such.  However,  when  the  International  is  first  eluted 
and  the  eluate  is  compared  with  the  pure  thiamin  chloride,  10 
milligrams  of  the  clay  gives  nearly  as  much  response  as  5  7  ot 
thiamin  as  seen  below: 


Comparison  of  Eluate  of  International  Standard  with 


Thiamin  Chloride  by  Injection 

Material 

Dobe 

Number  of 
Ratb 

Number 

Cured 

Per  Cent 
Cured 

International  Standard  *  • 
International  Standard  .... 
International  Standard  .... 

Crystalline  . . 

8  mg. 

10  mg. 

12  mg. 

4  y 

5  y 

6  y 

18 

30 

18 

21 

45 

27 

4 

18 

13 

9 

29 

19 

22.2 

60.0 

72.0 

42.6 

64.4 

70.0 

to  the  method 

♦  In  this  assay 
of  Williams  (67) 


METHODS  OF  ASSAY  OF  THIAMIN 


215 


In  the  rat  growth  test,  Mr.  Sampson  has  found  that  4  7  of 
thiamin  produce  the  same  growth  as  1  I.U.,  while  Ammerman 
and  Waterman  (16)  in  less  exhaustive  trials  rated  1  I.U.  =  5  7 
of  thiamin  for  rat-growth  purposes. 

Coward,  Burn,  Ling,  and  Morgan  (1),  in  one  of  the  most 
critical  papers  that  has  ever  appeared  on  methods  of  Bj  assay, 
reported  that  15  milligrams  of  clay  cured  25  per  cent  of  poly¬ 
neuritic  pigeons ;  30  milligrams  cured  47  per  cent ;  60  milligrams 
cured  80  per  cent.  Waterman  and  Ammerman  (24)  stated  that 

3  7  of  pure  thiamin  always  brought  about  some  improvement; 

4  7  was  generally  curative,  while  5  7  never  failed  to  cure.  The 
latter  is  in  fair  agreement  with  Ohdake  and  Yamagishi,  who 
found  that  3  7  of  the  pure  vitamin  was  curative.  If  we  regard 
60  milligrams  of  the  clay  as  the  minimum  curative  dose  for  the 
pigeon  as  per  Coward’s  results,  we  have  1  I.U.  =  1  =  0.67  7 
of  pure  thiamin.  Kinnersley  and  Peters  (33),  using  the  day-dose 
method  on  pigeons,  arrive  at  the  conclusion  that  1  I.U.  =  2  7  of 
thiamin.  These  authors  record  sixty-six  polyneuritic  birds  which 
over  a  period  of  years  were  dosed  with  50  milligrams  each  of 
Jansen  s  activated  clay.  Of  these  only  three  are  recorded  as  not 
cured.  This  is  more  favorable  than  the  percentage  cured  in  the 
experiments  of  Coward  et  al ,  but  at  all  events  confirms  the  idea 
that  even  50  milligrams  of  the  Standard  do  not  always  cure.  It 
is  small  wonder  that  there  has  been  difficulty  in  converting  one 
worker  s  results  into  terms  of  another  and  in  settling  such  ques¬ 
tions  as  the  respective  requirements  of  different  species  or  the 
potency  of  foodstuffs  in  terms  of  International  Units. 

When  rats  are  in  an  intermediate  state  between  health  and 
polyneuritis,  one  might  suppose  that  an  intermediate  efficiency 
in  eluting  the  vitamin  from  the  clay  would  be  observed.  For  the 
purposes  of  the  bradycardia  test  and  the  weight-restoration  test 
rats  are  used  in  this  intermediate  condition  and  accordingly  we 
S.  Le°ng  “d  Hams  (39)  reporting  1  I.U.  =  2.9  y  and  Moll 
(28),  whose  test  involves  the  duration-of-eure  principle  as  does 
Peters  pigeon  test  arrives  at  1  I.U.  =  2  7.  Jansen,  however  ushig 
an  essentially  similar  method,  concluded  that  1  I  U  =  3  -v  f'29'f 

For  convenience,  the  conversion  values  which  the  authors  remrH 
as  most  accurate  are  summarized :  gard 

Available  Thiamin  in  Ten  Milligrams  International 

Standard  Clay 


Quinine  extraction 
Rat  growth  .... 

Rat  curative  .  . 

Rat  weight  restoration 
Rat  bradycardia 
Pigeon  curative  (day  dose) 
Pigeon  (percentage  cured) 
Pigeon  protective  f 


4-5  7 
4 

2.0-2. 5 
2.0-3. 0 
2.9 
2  * 

0.7  * 
4.0 
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other  un^s  ^*ich  have  been  used  should  be  mentioned, 
r  ^  ”^OSCOe  umt  of  rat  growth  is  very  nearly  equal  to  4  7 
of  thiamin;  the  Sherman-Chase  unit  to  1.57,  or  perhaps  27.  The 
Cowgill  milligram  equivalent  may  be  taken  as  equal  to  about 
O.27.  The  rat  curative  unit  is  5  7  on  the  basis  of  70  per  cent  of 
animals  cured;  6  to  7  7  on  the  basis  of  practically  all  animals 
being  cured. 

There  has  been  a  great  desire  to  adopt  some  standard  factor 
for  converting  International  Units  to  weight  of  thiamin  for 
commercial  purposes  and  also,  by  a  strange  perversity  of  the 
human  mind,  for  converting  grams  of  thiamin  to  International 
Units.  As  a  compromise  a  value  of  300,000  I.U.  per  gram  of 
thiamin  is  coming  to  be  widely  accepted  and  used  by  drug  firms 
in  the  United  States,  while  Continental  Europe  tends  to  adhere 
to  the  value  of  500,000  I.U.  per  gram  of  thiamin.  The  former  is 
certainly  the  better  value  of  the  two.  The  preferred  course  ac¬ 
cording  to  our  view  is  to  convert  I.U.  to  grams,  or  more  con¬ 
veniently  to  micrograms  (7),  by  using  factors  appropriate  to  the 
method  used  in  making  the  assay.  This  is  the  method  followed 
in  calculating  the  distribution  of  thiamin  in  foods  in  the  next 
chapter. 

A  move  is  now  under  way  by  the  International  Conference 
on  Vitamin  Standardization  to  adopt  pure  thiamin  as  the  stand¬ 
ard.  It  will  be  very  helpful  if  this  is  done.  See  page  169.  It  is  also 
to  be  hoped  that  the  International  Unit  will  be  abandoned  rather 
than  merely  revised.  Since  it  is  customary  to  express  quantity  of 
all  chemical  substances  in  the  usual  units  of  weight,  such  as  the 
gram,  the  perpetuation  of  an  arbitrary  unit  for  thiamin  is  quite 
unnecessary.  Conversion  of  quantities  of  a  pure  substance  into 
equivalence  to  a  crude  preparation  containing  no  more  than  0.05 
per  cent  of  the  active  constituent  in  admixture  with  a  great  deal 
of  inert  material  and  small  amounts  of  other  physiologically  ac¬ 
tive  substances  is  merely  a  temporary  absurdity  into  which  we 
have  been  led  by  the  current  of  events. 


Chemical  Methods  of  Assay 

The  formaldehyde-azo  test,  a  modification  of  the  Pauly,  re¬ 
action  whereby  a  red  color  is  produced  by  adding  diazotized 
sulfanilic  acid  to  a  solution  containing  thiamin  in  the  presence 
of  formaldehyde,  has  been  proposed  for  purposes  of  assay  (60). 
The  purpose  of  the  formaldehyde  is  to  stabilize  the  color  which 
otherwise  fades  by  oxidation.  In  the  presence  of  other  reducing 
agents,  as,  for  example,  the  reducing  substances  often  present 
in  urine,  the  formaldehyde  may  be  unnecessary  The  method 
has  been  declared  serviceable  in  the  later  stages  of  fractionatio 
of  food  extracts  but  has  not  been  adapted  to  crude  materials. 
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A  very  kindred  color  reaction  has  been  proposed  by  Prebluda 
and  McCollum  (61).  It  utilizes  diazotized  p-amino  acetanilide 
or  p-amino  acetophenone  for  coupling  to  form  a  red  dye  which, 
being  soluble  in  immiscible  solvents,  may  be  exti acted  from  the 
aqueous  suspension  or  solution  and  estimated  colorimetrically. 
The  method  is  still  under  process  of  development. 

Another  chemical  method  which  has  advanced  further  in 
development  depends  on  the  conversion  of  thiamin  to  thiochrome 
and  the  estimation  of  the  latter  by  its  fluorescence.  It  was  pro¬ 
posed  by  Jansen  (62),  who  used  a  solution  of  quinine  as  a  stand¬ 
ard  of  comparison.  A  flucrometer  was  used  for  the  comparison. 
Karrer  and  Kubli  (63)  utilized  as  a  standard  of  reference  a  pure 
solution  of  thiamin  which  was  oxidized  with  ferricyanide  to 
thiochrome  in  parallel  with  the  oxidation  of  the  unknown. 
Westenbrink  and  Goudsmit  (64)  proposed  a  number  of  ex¬ 
pedients  to  adapt  the  method  to  the  assay  of  urine.  Among  these 
was  the  use  of  an  atmosphere  of  nitrogen  to  avoid  oxidative 
effects  of  air.  Another  improvement  was  the  use  of  franconite 
to  adsorb  thiamin  from  the  urine  and  thus  separate  it  from  inter¬ 
fering  substances  and  to  carry  out  the  oxidation  with  ferricyanide 
in  a  nitrogen  atmosphere.  The  thiochrome  formed  is  extracted 
from  the  reaction  solution  with  isobutanol,  and  the  intensity  of 
the  blue  fluorescent  light  is  measured  with  a  Cohen  fluorom- 
eter. 

Further  modifications  of  the  thiochrome  method  have  been 
made  by  Cline  and  Jolliffe  (65)  which  may  bring  it  within  the 
range  of  practicality  for  the  clinical  laboratory.  Among  the 
principal  improvements  is  the  use  of  a  solution  of  pure  thio¬ 
chrome  as  a  standard  of  comparison  in  lieu  of  the  extracted 
product  of  a  thiamin  oxidation  as  proposed  by  Westenbrink  and 
Goudsmit.  Pure  thiochrome  is  now  commercially  available  1  for 
purpose  and  its  use  affords  added  assurance  that  the  standard 
0  reference  will  be  constant,  Cline  also  has  substituted  artificial 
zeolite  for  franconite  as  an  adsorbent.  This  has  two  advantages: 
namely,  that  yellow  coloring  matters  and  reducing  substances 
o  e  urine  are  little  adsorbed  by  it.  In  consequence  of  the  rela- 
ive  absence  of  the  coloring  matters  in  the  eluate  one  obtains 
!,i!l  ,r  10chr°me  in  such  form  that  its  fluorescence  in  ultra- 

hv  Ive  if  Can  b?  cTpa?ed  with  that  of  the  standard  solution 
by  eye  in  a  very  simple  color  comparator.  This  avoids  the  neces¬ 
sity  for  relatively  expensive  photoelectric  apparatus  for  measur- 
mg  fluorescence  quantitatively.  The  absence  of  the  reducing  sub¬ 
stances  m  the  eluate  eliminates  the  need  for  many  preliminarv 
rials  to  ascertain  the  proper  amount  of  ferricyanide  to  use  for 
oxidation.  As  pointed  out  by  the  Dutch  workerSy  either  an  excess 

2  fl™.  Merck  and  Company,  Rahway,  N  J, 

Obtained  from  Permutit  Company,  N  Y,  as  10-40-Decalso. 
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or  a  deficiency  of  ferricyanide  results  in  a  low  value  of  thiamin 
content.  About  66  to  98  per  cent  conversion  to  thiochrome  of 
thiamin  added  to  urine  is  achieved.  Somewhat  better  control  is 
needed  to  insure  complete  adsorption  of  thiamin  without  an 
excess  of  foreign  substances.  Oxidation  is  conducted  in  nitrogen 
atmosphere  as  previously  suggested.  Thiamin  in  pure  water  can 
be  determined  with  high  precision  by  this  method. 

The  method  has  been  little  used  for  foods  as  yet  and  has 
been  checked  for  this  purpose  only  against  the  bradycardia 
method  (66). 

Before  seriously  undertaking  the  accurate  assay  of  foods  by 
chemical  methods,  it  will  be  necessary  to  study  very  carefully 
possible  methods  for  extracting  thiamin  quantitatively  from 
foods.  We  have  used  acidulated  methyl  or  ethyl  alcohol  in  a 
continuous  type  of  extractor  with  promising  results  in  the  case 
of  a  few  foodstuffs:  viz.,  whole  wheat,  rice  polish,  orange  and 
milk  powder.  Indeed,  with  rice  polish  we  have  had  an  extensive 
and  very  satisfactory  experience.  Extraction  of  this  materal  for 
sixteen  to  twenty  hours  apparently  gives  complete  extraction,  for 
further  extraction  yields  no  activity.  Further  the  assay  of  the 
original  rice  polish  by  feeding  to  polyneuritic  rats  checks  very 
well  with  similar  assay  of  the  extract.  The  details  of  the  method 
as  applied  to  potato,  cabbage,  and  lettuce  follow. 

Potatoes  (1434  grams)  were  boiled  with  the  skins  on  for 
25  minutes.  The  water  (1300  cc.),  pH  7  was  drained  off  and 
treated  with  7.2  grams  of  fuller’s  earth,  which  was  then  filtered 

off  and  driech ed  potatoeg  (1371  grams),  after  peeling,  were 

macerated  for  24  hours  in  boiling  methyl  alcohol  containing 
^  per  cent  acetic  acid.  The  mass  was  filtered  on  a  Buchner 
funnel  and  the  solids  were  dried  at  room  temperature  before  a 

fan  and  extracted  in  a  large  thimble  xh^ 

charge  of  acid  solvent  in  a  hot  vapor  extractor  for  -  hours 

fif°U  Cur^S.  In  thTeS  IS  th° 

orig^na/ filtrate^' werT  combined  and  treated  with  7.2  grams  of 

^"iMSefams  of  cabbage  and  1353  grams  of  lettuce  were  each 

treated  SSrlyexceptgthat  the  cooking  m  water  was  omitted 
in  the  caseoflettuce.  ^  adsorbates  were  separately  eluted 
Each  of  the  according  to  the  previously  recorded 

wlth  quinine  acid '  8U '^Ve-free  cluates  were  concentrated  in 

to  volumes  suitable  for  injection  into  polyneuritic  rats. 
The  results  were: 
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Grams  Food  Required  Number  of  Number 
to  Yield  Dose  Rats  Cured 

Potato  water .  100  ®  9 

Potatoes .  7.5  8 

Cabbage  water . not  tested 

Cabbage .  40  5  0 

60  2  2 
Lettuce .  30  8  6 

The  most  troublesome  part  of  the  process  is  the  desiccation  of 
the  food  with  alcohol.  Unless  this  is  carried  out  thoroughly, 
thimbles  of  excessively  large  volume  will  be  required  for  the  later 
extractions.  When  properly  desiccated,  the  above  lot  of  cabbage 
weighed  only  42  grams  and  could  be  placed  in  a  commercially 
available  extraction  apparatus. 

For  molasses,  milk,  and  other  fluids  containing  little  filterable 
solids,  it  is  only  necessary  to  dilute,  treat  with  fuller’s  earth,  and 
proceed  as  above. 

For  purposes  of  chemical  determination  of  thiamin  it  will 
probably  be  necessary  to  remove  the  thiamin  from  the  extract  by 
an  adsorbent  and  elute  the  thiamin  therefrom  before  applying 
oxidative  or  coupling  reactions.  Without  some  such  preliminary 
partial  isolation  of  the  activity,  great  difficulty  will  be  encoun¬ 
tered  with  interfering  substances  which  will  react  with  the 
reagents,  impair  the  color  standards,  etc.  As  adsorbents,  zeolite 
and  franconite  (64)  offer  great  promise  on  account  of  the  ease 
with  which  thiamin  may  be  eluted  from  them  with  mild  reagents. 

There  seems  to  be  no  doubt  that  many  of  the  animal  assay 
methods  which  have  been  described  in  this  chapter  would  be 
greatly  improved  for  purposes  of  food  assays  by  using  a  more  or 
less  refined  extract  of  the  food  instead  of  the  gross  food  itself 
thus  in  a  rat  growth  test  of  a  foodstuff,  such  as  bread  containing 
perhaps  0.5  7  of  thiamin  per  gram,  it  becomes  necessary  to  give  a 
daily  addendum  of  8  grams  of  the  bread  to  achieve  the  standard 
rate  of  growth.  The  regimen  is  entirely  upset,  as  the  basal  diet 
is  largely  replaced  by  the  addendum.  Far  too  many  unaccount- 

lhIr/feSU  fS  °f  sll$ht  vana1tions  in  the  diet  are  recorded  in  the 
^  tn  f  ueA°  Permit  one  to  have  much  confidence  in  his  judgment 
as  to  whether  or  not  the  result  will  be  affected  by  the  secondarv 

d?ct ^Thl pG1  ff eS t °  dl9tary  iterations.  A  good  example  of  unpre^ 
table  effects  is  given  by  Schrader  and  Prickett  (70)  who  ob- 
served  that  dextrmized  cornstarch  in  the  diet  was  far  less  favor 
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puted  phases  of  its  role  in  nutrition.  However,  the  fact  that 
thiamin  occurs  in  foods  only  in  the  proportion  of  five  to  forty 
parts  per  ten  million  and  that  it  is  very  sensitive  to  certain 
reagents  should  not  be  ignored  as  the  basis  of  need  for  great  care 
in  the  work. 

Growth  of  Microorganisms 

Assay  methods  of  this  type  have  attracted  attention  for  many 
years,  primarily,  no  doubt,  because  the  short  duration  of  the  life 
cycle  of  microscopic  organisms  favors  the  development  of  a  rapid 
test.  Such  a  suggestion  was  first  made  by  R.  J.  Williams  (71) 
and  also  by  Bachmann  (72),  who  noted  that  growth  of  yeast  was 
promoted  by  extracts  of  antineuritic  foods.  Schopfer  and  Jung 
(73)  have  recently  reviewed  the  possibilities  of  using  a  mold 
Phycomyces  Blakesleeanus  for  thiamin  assays.  This  subject  has 
been  explored  extensively  for  years  by  Schopfer  and  associates, 
and  this  organism  is  better  known  than  any  other  in  regard  to 
its  thiamin  requirement.  The  idea  of  using  yeast  for  the  purpose 
has  been  revived  recently  by  Schultz,  Atkin,  and  Frev  (  )• 

are  however,  in  full  accord  with  R.  J.  Williams  belief  that  such 

methods  are  extremely  hazardous  (75).  Williams  and  Roehm 

(76)  and  Williams  and  Saunders  (77)  showed  that  while  vita 
ruin  B,  had  a  very  potent  influence  on  the  growth  of  certain 
yeasts,  other  nutrilites  had  even  more  profound  .nfluen  . 
Further,  as  can  be  seen  by  reference  to  Chapter  XXVIII,  mter 
mediates  of  thiamin  or  kindred  substances  can  be  used  as  sub.t 
tn fps  for  thiamin  by  various  microorganisms  as  well  as  by  tne 
ioots  of  higW  plants.  Certain  Phytophora  require  the  vitamin 

tion  of  thiamin  in  blood.  i  ;s  available.  Moreover,  in 

method  because  only  a  “'nute  P  h  j  probability  of 

such  a  complex  biological  fluid  there  is  mu  h  the 

the  existence  of  subsidiary  deficients  ' : m  ^  of  the  Cul- 
growth  of  the  organism  and  one  can  '  "  ,  f  added  thiamin, 

ture  medium  with  and  w>thou  sma  verify  tj,e  results.  How- 
also  with  and  without  added  blood.  ^  and  the  method 

s5.*srSiEsrto  izu  r*r— »» ii” 

laboratory. 
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Summary 

Most  of  the  methods  in  use  for  assay  of  thiamin  in  foods 
and  concentrates  have  been  reviewed.  Of  these  methods,  those 
based  on  prevention  or  cure  of  polyneuritis  are  preferred  as  most 
specific  and  trustworthy.  The  rat  curative  test  is  regarded  as 
combining  as  great  a  precision  as  is  offered  by  any  other  method 
with  reasonable  convenience  and  rapidity. 

The  rat  growth  method  shows  a  good  degree  of  reproducibility 
but  its  specificity  in  a  precise  quantitative  sense  is  subject  to 
some  question.  The  bradycardia  method  is  more  doubtful,  as 
is  also  the  case  with  weight  restoration  and  maintenance 
methods. 

The  day-dose  principle  as  applied  to  all  methods  is  regarded 
as  a  sacrifice  of  precision. 

The  International  Standard  unit  of  antineuritic  activity  has 
not  a  fixed  value  but  varies  with  the  type  of  test.  For  curative 
tests  1  I.U.  =  1  to  2 y  of  pure  thiamin  chloride;  for  protective 
tests,  47;  for  tests  using  animals  partially  depleted  of  thiamin 
but  not  yet  polyneuritic,  1  I.U.  has  an  intermediate  value.  The 
best  compromise  value,  when  compromise  is  necessary,  is  1 
I.U.  =  3.3  7  thiamin  chloride. 

Chemical  methods  of  assay  are  promising  but  as  yet  insuf¬ 
ficiently  developed  for  the  study  of  foods ;  those  involving  growth 
of  microorganisms  require  more  rigorous  proof  of  specificity  be¬ 
fore  they  can  be  trusted  for  general  purposes. 
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CHAPTER  XVIII 


DISTRIBUTION  OF  THIAMIN  IN  FOODS 

In  considering  from  a  quantitative  standpoint  the  distribution 
of  thiamin  in  foods,  abundant  data  present  themselves,  but  there 
are  wide  divergences  among  the  assays  of  a  particular  foodstuff 
in  many  instances.  This  is  so  much  the  case  that  a  reconciliation 
of  the  results  of  different  workers  is  often  impossible.  To  present 
all  the  existing  data  would  merely  burden  and  confuse  the  reader. 
Fortunately,  however,  the  essential  features  of  the  picture  can 
be  outlined  in  a  few  pages.  This  will  be  done  according  to  the 
authors’  best  judgment,  leaving  less  essential  details  to  be  re¬ 
solved  and  elaborated  by  future  experimentation 

It  is  clear  from  large  numbers  of  assays  which  have  been 
made  of  a  wide  variety  of  animal  and  vegetable  tissues  that 
thiamin  is  of  nearly  universal  occurrence  in  quantities  usually 
“ng  from  0.1  to  2.0  7  per  gram.  These  proportions  are  ex¬ 
ceeded  in  the  plant  world  only  in  seeds  and  in  yeast  grown  in  ric 
media  Among  the  muscular  tissues  of  animals,  so  far  as  is  known, 
nork  is  outstanding.  In  other  species  the  animal  organs,  liver, 

the’body'at'krge'  'Th^tesk’^Stimatm^the’tlSinhi1  supplied 

of  ^‘’vwy 'larget'numbCTCUo^foodsmmost)^oflethemmconCt^ning 
amounts  of  thfamin  below  the  range  which  present  methods  are 
ideally  adapted  *  drtermjne.  ^  ^  und  test  dis- 

p, aces  the  basal  diet  very 

tains  less  than  1  7  ' influence  the  growth  rate  and  dis- 

besides  thiamin  content  may  irWations  apply  in  some- 

turb  the  measurement.  Smu  ar  ific  polyneuritis  prevention 

what  lesser  degree  to  the  J  por  ap  0f  them  a  quanti- 

and  polyneuritis  curat^^ne*°hde  tHamin  content  of  foods  is 
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imperative  if  higher  precision  is  serve(j  by  tabulating  the 
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diets  which  have  been  historically  associated  with  outbreaks  of 
human  beriberi  or  with  recessions  of  the  disease.  In  doing  so  we 
have  made  liberal  use  of  the  data  so  painstakingly  collected  by 
Cowgill  (1)  and  with  the  same  object  which  he  had  in  mind, 
namely,  to  arrive  at  a  first  approximation  of  the  thiamin  re¬ 
quirement  of  man.  Incidentally,  in  so  doing  we  subject  our 
data  on  the  thiamin  content  of  foods  to  a  test  of  their  general 
validity  by  noting  the  precision  of  correspondence  of  the  cal¬ 
culated  thiamin  content  with  the  occurrence  or  non-occurrence 
of  beriberi  (see  Chapter  VII).  In  the  tables  which  follow,  some 
emphasis  has  been  placed  upon  Oriental  staples  to  facilitate  the 
analysis  of  these  diets. 

In  tabulating  the  thiamin  content  of  foods,  one  is  compelled 
to  follow  in  certain  particulars  a  somewhat  less  systematic  pro¬ 
cedure  than  he  would  like.  Assay  figures  are  often  available  for 
a  particular  food  only  in  the  raw  state,  although  the  food  may 
appear  in  human  diets  customarily  in  the  cooked  condition.  The 
process  of  preparing  the  food  may  affect  its  thiamin  content  in 
one  or  more  of  the  following  ways:  (a)  by  destruction  of  thiamin 
by  heat;  (b)  the  leaching  of  thiamin  into  the  cooking  water, 
which  may  or  may  not  be  discarded;  (c)  bones,  peelings,  cores,’ 
seeds,  etc.,  are  often  discarded  in  preparing  food  for  the  table’ 
introducing  questions  as  to  the  net  weight  of  the  food  and 
entailing  unknown  losses  of  thiamin;  (d)  the  water  content  and 
resultant  final  weight  of  the  food  may  be  greatly  increased  or 
reduced  by  cooking.  We  have  included  in  the  first  four  columns 
of  the  succeeding  tables  the  observed  thiamin  content  of  the 
foodstuff  as  recorded  in  the  literature,  converting  all  values  into 
the  common  term  of  y  per  gram,  which  corresponds  to  parts  per 
milhon.  In  the  fifth  column,  under  the  heading  “preferred 
va  ue,  we  have  endeavored  to  choose  the  most  trustworthy 
value  and  to  make  suitable  adjustment  for  the  changes  occur^ 
nng  ln  preparation  of  the  food  for  consumption.  *In  doing 
so,  however,  we  have  not  included  a  correction  factor  for  change! 

OTPWflter  C°n!f“  ,'  unng  coking  because  such  changes  depend 

greatly  upon  the  character  of  the  cookine  nrocess  aeP.end 
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or  has  gained  or  lost  weight  during  cooking.  In  the  case  of  foods 
eaten  raw,  the  “raw”  value  of  thiamin  content  appears  in  this 
column. 

In  thus  stating  explicitly  our  aim  and  method,  we  hope  that 
we  shall  not  mislead  our  readers  by  giving  them  an  exaggerated 
notion  of  our  pretensions  as  to  the  precision  of  our  knowledge. 

In  many  instances  the  error  of  present-day  assays  is  probably  of 
a  greater  order  of  magnitude  than  the  difference  between  the 
cooked  and  raw  state  of  a  given  food.  In  general,  however,  we 
have  felt  we  would  not  be  justified  in  ignoring  cooking  losses 
altogether  nor  in  attempting  to  make  a  difficult  and  somewhat 
arbitrary  correction  for  gain  or  loss  of  water  in  cooking. 

We  will  first  discuss  the  data  on  animal  tissues  (1  able  A). 
This  subject  has  been  a  matter  of  much  dispute.  Most  of  the 
assays  of  animal  tissues  which  are  available  have  been  made 
by  the  rat  growth  and  bradycardia  methods,  neither  of  which  has 
been  rigorously  proved  to  be  highly  specific  for  the  antineuntic 
factor  or  essentially  free  from  complications  due  to  other  causes. 
Cooper  (2)  showed  a  number  of  years  ago  that  animal  foo 
stuffs  do  not  rate  high  in  poiyneuntis-preventing  Property 
Hoagland  confirmed  this  finding  as  to  beef  and  found  that  the 

same  was  true  of  mutton.  Pork  however,  s“rP"sm^ 0*"1°a“f  ’ 
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weeks’  duration,  a  length  of  tm  thia^in.  Accordingly,  we 

l^k  means  ^converting  their  values  to  quantities  of  thiamin. 
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Dairy  products  (Table  XI)  represent  a  less  troublesome  field, 
as  there  is  general  agreement  that  butter  and  cheese  furnish 
negligible  amounts  of  thiamin;  that  cow’s  milk  and  eggs  are 
fairly  rich,  though  not  equal  to  cereals  in  thiamin  content  per 
unit  of  dry  weight.  Of  course,  milk  is  much  inferior  to  cereals 
weight  for  weight  in  the  natural  state. 

The  legumes  (Table  XII)  constitute  a  fairly  important  source 
of  thiamin  which  is,  however,  substantially  diminishd  by  loss  in 
cooking  waters  and  in  certain  instances  by  heat  destruction 
during  the  long  process  of  cooking  which  is  needed  to  render  the 
ripe  seeds  digestible. 

The  cereals  (Table  XIII)  rank  first,  as  all  authorities  agree, 
as  the  most  important  potential  source  of  thiamin  in  human 
diets.  The  high  starch  content,  relatively  low  water  content  of 
cereals,  as  well  as  their  cheapness,  are  responsible  for  the  fact 
that  they  represent  one  of  the  chief  reliances  of  the  race  for  its 
supply  of  calories.  The  high  starch  content  of  seeds,  in  turn, 
makes  their  high  thiamin  content  necessary  to  their  proper  util¬ 
ization  as  food  because  of  the  special  relationship  of  thiamin  to 
carbohydrate  metabolism.  The  high  thiamin  content  also  ap¬ 
pears  to  be  significant  with  respect  to  plant  function  in  view  of 
the  evidence  of  need  for  it  during  germination  of  the  seed  (see 
Chapter  XXVIII). 

Fortunately  the  various  methods  of  assay  apparently  are 
better  adapted  to  the  study  of  seeds  than  to  many  other  food- 
stutts,  tor  the  discrepancies  are  fewer  and  less  serious.  In  spite 
of  the  great  importance  of  cereals,  very  few  of  them  have  been 
subjected  to  elaborate  studies  of  thiamin  content.  Happily  this 
^?S  ^een  ^one  f?r  rice  to  a  lesser  extent  for  wheat,  the  two 
Table SxTTTtSrainS  °J J *  R  SPruyt  (see  footnotes  of 

tests  and  in  lTofte.  °f  riceAy. tw0  different  chemical 

tests,  and  in  126  of  these  eases  secured  bioassays  with  rice  birds 

for  comparison  with  the  chemical  tests.  In  these  bioassavs  5550 

birds  were  used  European  and  especially  British  workers  have 

studie^of  wheat  eSSmg  themselves  <luite  earnestly  to  detailed 

Spruyt’s  results  indicate  no  wide  gulf  betwepn  tho  „.i;, 

Ftr ofaH  the6  KxaminS 
but With  l6SS  TiUing)’ 

.hi  r;rKS"  “g* 

s&ssae  sz 

“  0  -  •«  -• «« S 
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of  the  grain.  The  data  are  given  below  for  most  of  those  rices 
for  which  some  specific  description  of  the  degree  of  decortication 
was  furnished. 


No. 


1 

47 

48 

49 

50 

51 

52 

53 

54 
62 
63 

72 

73 

74 

75 
89 

142 

172 

173 
180 

183 

184 


Description 


Polished  and  washed 

Unmilled 

Unmilled 

Milled 

Milled 

Milled 

Milled 

Milled 

“Table  rice” 

Half  milled 
Well  milled 
Unmilled 
Twice  milled 
Thrice  milled 
Well  milled 
Well  milled  red  rice 
Milled 

Hand  pounded 
Hand  pounded 
Hand  pounded 
Unmilled 
Unmilled 


Iodine  Test 


9 

2 

2 

7 

7 

7 

8 

7 

8 
5 
7 
4 

8-9 

9 

9 

9 

9 

4-5 

4-5 

1-2 


Bird  Test, 
7  per  Gram 


.02 

2.40 

3.00 

1.00 

1.20 

.80 

.64 

.50 

.30 

1.24 

.56 

2.16 

.34 

.60 

.58 

.60 

.60 

1.72 
1.20' 
2.70 
2.60 

2.72 


-  the  nurDOse  of  the  animal  assays,  Spruyt  made  extracts 
f  the  rices  and  evaporated  these  extracts  upon  known  quantities 
°ff  previotfsty1  well-washed  polished  rice.  It  is  a  type  of  method 

which  should  be  more -w: i  e  y  y  to  suppose,  from  personal 
We  have  considered  it  reasonab e  Pi  ^  ^  ^  pre. 

observation  of  the  hatatoot  Urmnta^  PJking.  As  rice  is  pre- 

vailingly  subjecte  rs  it  is  a  matter  of  pride  to  avoid 

vailingly  eaten jjrth  fiTfig  ^  facilitated  by  washing  off  the 

stickiness  of  the  gra  l  •  •  0f  the  Dutch  workers  that 

loose  starch  In  view  of .the «?Pe“nt  ^  rice  qulte 

washing  reduces  the  thiami  Qf  washed  grain  seems 

markedly  (6),  a  va  \his  coincides  with  the  vitamin 

reasonable  as  an  average  hgu  •  Jt  h  uld  be  remembered 

index  used  by  Cowgdl  ommS«ticle  as  whole  rice  availab  e 
that  there  is  no  sue  ,  of  the  outer  palets  of  the  whole 

as  human  food.  The  rei  some  0f  the  bran  also,  as  the 

grain  or  paddy  inevitably  ^  approximation  to 

palets  are  closely  adherent  ^  fed^A^  PP  f  th 

whole  rice  is  parboiled  nee.  t  Aykroyd,  who  has  studied 

palets  is  effected  by  a  light  ^ steam^  ^  ^  eminating  the  vitamm 

IhrougTthe  "endosperm  so  that  subsequent  decortication  does 
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not  deprive  it  of  its  thiamin  to  nearly  so  large  an  extent  as  is 
the  case  with  unparboiled  rice.  This  process  is  popular  as  a 
household  measure  in  some  localities  but  is  not  generally  used 
throughout  the  Orient.  Presumably  modernization  of  the  East 
has  tended  to  diminish  the  practice. 

The  milling  practices  vary  from  country  to  country  and 
from  one  mill  to  another.  So  do  the  terms  rice  bran,  rice  meal, 
rice  polish,  etc.  In  commercial  utilization  of  these  products  for 
thiamin  production,  the  greatest  difficulty  was  encountered  in 
securing  even  approximate  constancy  of  quality  from  shipment 
to  shipment,  even  when  dealing  with  a  single  mill.  The  terms, 
therefore,  have  no  very  definite  meaning  for  our  purposes.  All 
represent  the  products  of  successive  abrasions  of  the  exterior  of 
the  grain  which  are  “cut”  into  various  “streams”  according  to 
the  judgment  of  the  operator. 

There  are  varieties  of  rice,  both  in  the  Orient  and  in  Amer¬ 
ica,  which  are  referred  to  as  red  rice,  as  the  exterior  of  the 
endosperm  is  of  a  distinct  reddish  color.  These  rices  do  not  differ 
in  thiamin  content  from  the  ordinary  white  rices  in  equal  state 
of  milling.  The  term  brown  rice  means  rice  which  retains  some 
of  the  bran.  Parboiled  rice  is  brown  rice,  but  the  parboiling 
process  reddens  the  grains  somewhat  and  this  fact  has  given 
rise  to  some  confusion  of  the  terms  brown  and  red. 

As  is  the  case  for  rice,  the  milling  processes  used  in  preparing 
wheat  vary  from  country  to  country,  from  mill  to  mill,  and 
irom  variety  to  variety  of  wheat  so  that  the  white  flours  grade 
into  the  clear”  flours  and  these  into  the  graham,  whole  meal, 
or  whole  wheat  flours.  The  decortication  of  wheat  in  the  process 
ot  milling  of  course,  depends  on  the  toughness  of  the  bran  coats 
and  the  coherence  of  the  germ,  which  tend  to  keep  those  parts  in 
a  coarse  state  so  that  they  remain  on  the  sieves  while  the  more 
pa*ses  thr°ugh.  Some  of  the  recent  assays  of  various 

croppdis„ga;endgirScbo:!ow’ trans,ated  into  *  per  gram: 


“A”  Blend  of  Wheat 
Whole  meal  flour 

Straight-nm  flour  (70-72  per  cent  of  wheat) 
Straight-run  flour  bleached  with  NO2 


y  per  Gram 
4.72 
1.48 
1.48 


“B”  Blend  of  Wheat 

^ght-run  flour  (70-72  per  cent) 
Patent  (42  per  cent) 


y  per  Gram 
1.48 
0 


TheR«bwe  rei  wS  a[e  b7  rat  growth  tests  (7). 
for  three  Thole 
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gram.  Scheunert  and  Schieblich  (9),  by  a  little-used  rat  protec¬ 
tive  method,  found  2.4,  3.0,  and  3.0  7  per  gram  for  three  whole 
wheats.  Our  method  of  converting  their  values  to  7  thiamin  is, 
however,  somewhat  uncertain  because  of  limited  experience  with 
the  low  levels  of  maintenance  which  they  used.  Their  standard 
"was  the  amount  of  the  cereal  product  required  to  keep  young  rats 
alive  without  loss  of  more  than  2  grams  in  weight  during  thirty- 
five  days  and  without  symptoms  of  polyneuritis.  This  unit  is 
obviously  less  than  a  Chase-Sherman  Unit,  which  permits  3 
grams’  growth  per  week.  From  Ammerman  and  Waterman’s  re¬ 
sults,  page  204,  we  estimate  the  pure  thiamin  required  to  do  this 
at  about  1.2  7  daily.  Since  Scheunert  and  Schieblich  found  that 
6  milligrams  of  International  Standard  clay  daily  would  just 
meet  their  criterion,  the  conversion  factor  we  have  used  in  this 
case  corresponds  to  1  I.U.  =  27.  This  is  a  very  popular  con¬ 
version  factor  with  German  writers  (10). 

Baker,  Wright,  and  Drummond  (11)  by  the  bradycardia 
method  secured  figures  corresponding  to  3.6,  6.0,  6.3,  6.9,  7.5, 
and  7.87  per  gram  for  six  wheats;  Leong  and  Harris  (14), 


4.5  7  per  gram  for  one.  ,  .  .  , 

In  flour  of  60  per  cent  extraction,  Scheunert  (12)  found  no 
thiamin ;  flour  of  75  per  cent  extraction  retained  40  per  cent  of 
that  of  the  whole  grain;  of  82  per  cent  extraction,  60  per  cent 
of  that  of  the  whole  grain.  The  method  was  again  the  rat  pro¬ 
tective  one.  Scheunert  and  Schieblich  (13),  by  the  same  method, 
recorded  3.0 7 per  gram  for  whole  wheat;  2.4  7  for  94  per  cent; 
2  0  7  for  82  per  cent;  0.8 7  for  75  per  cent ;  0.48  7  for  60  per  cent. 
Leong  and  Harris  (14)  reported  0.9  7  and  0.6  7  ui  two  white 
flours  by  bradycardia  test.  The  present  author  many  years  ago 
found  that  polyneuritis  developed  very  tardily  in  pigeons  on  a 
71  per  cent  flour,  very  promptly  on  a  49  per  cent  flour  from  the 
same  wheat,  and  not  at  all  on  a  79  per  cent  flour  when  these  were 
n«ed  as  exclusive  diets.  This  should  correspond  to  about  0.6  7  per 
eram  for  the  71  per  cent  flour.  From  all  of  the  above  results  we 
feel  we  are  quite  justified  in  regarding  the  bradycardia  results 


88  ^rfyeast  breads  there  appears  to  be 

that  the  ^iamin  content  on  an  ai.dry  basis  --ponds^very 
closely  to  that  of  the  flours  us®dflour  oryless  does  not  add  sig- 

nificantlyTo °he  thtarmn  content.  Copping  and  Roscoe’s  results 
by  the  rat  growth  method  are  typical. 


White,  sponge  . . .  •  • 
White,  short  dough 
White,  long  dough  . 
Whole  meal . 


Air  Dried 

..  1.0 
..  1.48 
..  1.48 
..  4.72 


Fresh 

0.68 

1.0 

1.0 

3.0 


from  72  per  cent  flours 
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In  baking  powder  bread  a  substantial  fraction  of  the  thiamin 
was  found  to  be  destroyed.  This  can  be  corrected  by  rendering 
the  dough  acid  (15). 

In  transferring  our  attention  to  vegetables  (Table  XIV) 
and  fruits,  we  again  enter  an  area  of  dispute  and  uncertainty. 
The  high  water  content  of  these  food  articles  increases  very 
greatly  the  difficulties  of  properly  assaying  them  in  the  fresh 
state.  In  general  it  is  not  possible  to  protect  pigeons  or  rice 
birds  from  polyneuritis  by  feeding  fresh  fruits  and  vegetables 
in  admixture  with  polished  rice.  In  consequence,  many  of  these 
foods  are  reported  in  the  Oriental  literature  as  substantially  free 
from  vitamin  Bx  (16,  17).  On  the  other  hand,  the  rat  workers 
who  have  frequently  dealt  with  the  dry  substances  have  in  gen¬ 
eral  reported  appreciable  values.  Inasmuch  as  fruits  and  vege¬ 
tables  contain  from  75  to  96  per  cent  water  (usually  90  per  cent 
or  more)  in  the  fresh  state,  and  as  the  water  content  of  the  dried 
product  is  often  not  stated,  a  substantial  uncertainty  is  involved. 
Obviously  the  water  content  of  the  “fresh”  or  “dried”  product 
is  likely  to  vary  during  the  course  of  a  long  feeding  experiment 
due  to  exposure  to  the  air.  Further,  for  some  reason  the  brady¬ 
cardia  method  seems  to  give  higher  values  than  any  other,  par¬ 
ticularly  for  this  class  of  foods.  In  choosing  preferred  values  for 
the  table  on  thiamin  content  of  fresh  vegetables,  we  have  leaned 
toward  lower  estimates  because  such  assays  as  we  have  been 
able  to  make  by  the  rat  curative  method  of  extracts  of  such  food¬ 
stuffs  seem  to  justify  a  skepticism  of  the  higher  values.  Further 
the  practical  consideration  that  vegetables  under  prevailing  cook¬ 
ing  practices  are  peculiarly  subject  to  losses  of  thiamin  in  cook¬ 
ing  waters  points  in  the  same  direction. 

.  U1^ever,th®  “tual  thiamin  content  of  leaves,  roots,  and 
frnm  nW?r  hlgh  W^ter  content  and  great  bulk  prevent  them 
dietnr?p«y  rf  &  V6ry  lmP°rtant  role  as  thiamin  sources  in  human 
dietaries.  One  cannot  eat  large  amounts  of  solids  in  such  forms 
Desnicated  leaves,  roots,  and  fruits,  however,  often  appr0™h 
whole  seeds  in  thiamin  content.  ^pproacn 

i. i_  *A tten tion  should  be  called  at  this  point  to  the  evidence  that 
the  thiamm  contents  of  green  plants  decline  with  advancing  aee 

ahilitv6'8^  a  maximum  the  young  tender  growth  (18)  Vari 

irP;rrc£S"si  t  Sr* 
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to  the  fact  that  the  pulpy  portions  of  most  fruits  used  as  food 
have  been  grossly  overdeveloped  by  processes  of  artificial  se¬ 
lection.  These  heavy  pulps  external  to  the  seed  serve  no  plant 
function  other  than  to  facilitate  scattering  of  the  seeds  by 
making  the  fruits  attractive  to  animals.  Nuts  seem  to  reveal 
in  general  the  high  thiamin  contents  characteristic  of  seeds; 
namely  about  4-5  7  per  gram  on  the  average.  Fruit  pulps,  like 
vegetables,  are  so  high  in  water  content  that  the  contribution  to 
the  solids  of  dietaries  is  quite  low.  Fruits,  however,  are  less  sub¬ 
ject  to  cooking  losses  than  vegetables  because  their  prevailingly 
high  acidity  protects  the  thiamin  from  destruction ;  the  cooking 
waters  are  infrequently  discarded,  but  rather  serve,  usually  with 
the  added  sugar,  as  the  most  toothsome  part  of  the  dish.  In 
addition,  fruits  are  much  more  frequently  eaten  raw  than  are 
vegetables.  In  spite  of  these  facts,  the  fruits  do  not  constitute 
a  very  important  source  of  vitamin  lb.  Their  content  01  vita¬ 
min  C  is,  of  course,  highly  significant 

In  the  miscellaneous  category  of  foods  (  I  able  AVI)  sugar 
is  the  most  important  item,  as  in  the  Western  world,  ^  es¬ 
pecially  in  America,  it  furnishes  a  large  caloric  supply,  par¬ 
ticularly  to  children.  Refined  sugar  is  devoid  of  thiamin  Re¬ 
garding  molasses  there  is  a  serious  question.  Nelson,  Heller,  aI\ 
Fulmer  (19)  reported  a  high  antineuritic  value  as  judged  by  rat 
growth  tests’  The  present  authors  seized  upon  this  as  a  possible 

convenient  source  of  the  vitamin  for  purposes  of 
finn  nf  thp  vitamin  as  waste  cane  molasses  is  brought  into  tne 
UnRed  State  tn  ank  steamers  for  use  by  the  fermentation  and 
yeast  industries.  A  study  of  the  matter  revealed  only  negl^Ue 

amounts  of  to 

molasses  did  not  protect  P*ge0  -  ,  ,  v.  .  th  t  the  nitrogenous 

5  grams  on  a  ternate  days  extraction 

^So^dSuent  further  concentration  for  removal 
°fa«Sferat  contrast jin 

juice  (0)  and  for  molasse  (  tribution  to  the  Newfound- 

parently  had  I"at'^,abn  ™ykroyd  and  discussed  by  Cowgill.  Ac- 
land  diets  reported  by  y  ml  c  c]ear  commercial  cane  sirup 
cordingly  we  assayed  five  samp  f  d  th  t  more  than 

by  the  rat  curative  method Kpage  207)  md  found^  ^  a 
50  grams  were  required  to  yield  enougn  another  stlldy, 

.One  much  richer  sample rXLyb^Cificanr0111116^' 
or  sulfur  dioxide  in  manufacture  m  y 
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not  enough  to  account  for  more  than  2.0  y  per  gram  in  molasses, 
assuming  the  latter  represents  a  fivefold  concentration  (75  per 
cent  sucrose). 

Other  miscellaneous  foodstuffs  of  some  importance  are 
tapioca,  sago,  macaroni,  and  spaghetti,  all  of  which  contain 
negligible  amounts  of  thiamin.  The  beverages  coffee,  tea,  and 
beer  (21)  furnish  no  significant  supply.  Chocolate  is  said  to  con¬ 
tain  an  amount  equivalent  to  about  one  part  per  million  (22), 
and  since  it  is  extensively  used  in  confections,  it  may  have  a 
slight  significance. 

There  are,  of  course,  large  numbers  of  other  plant  and 
animal  tissues  used  as  food  besides  those  which  are  listed  in  the 
above  tables.  A  more  complete  presentation  seems  undesirable, 
not  only  because  of  unnecessary  consumption  of  space  but  also 
because  of  great  uncertainty  of  the  true  values.  Many  of  the 
observed  values  are  set  down,  in  spite  of  the  fact  that  we  have 
little  faith  in  them,  merely  to  illustrate  the  existing  discrep¬ 
ancies.  Those  given  in  the  preferred-value  column  are  believed 
to  be  representative  for  their  respective  classes  and  are  adequate 
to  support  the  thesis  that  while  thiamin  is  well-nigh  omnipresent 
in  foods,  it  is  nowhere  very  abundant.  The  seeds,  milk,  and 
tissues  of  the  swine  stand  out  as  the  principal  sources  of  enrich¬ 
ment  of  the  diet  with  respect  to  this  factor. 

Although  yeast  can  scarcely  be  said  to  be  a  regular  article 
of  human  food,  its  thiamin  content  is  of  general  interest  in  this 


connection.  Quinn,  Whalen,  and  Hartley  (23)  found  by  the  rat 


growth  test  a  tenfold  variation  from  bakers*  to  brewers*  yeasts 
This  has  been  amply  borne  out  by  other  workers.  Copping  and 
Roscoe  (7)  found  for  a  brewers’  yeast  about  140  y  per  gram  and 
tor  a  special  bakers’  yeast  80  7.  For  two  ordinarv  h«kpr«’  troo  ofo 


aoisa^y  • 


Medium  on 
Which  Grown 


y  per  Gram  (Dry) 


Glucose 

Molasses 

Grain 


12 

20 

40 
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yeast  appears  capable  of  synthesizing  more  but  it  supplements 
synthesis  extensively  by  capture  from  the  medium. 

F or  those  who  wish  confirmatory  or  supplementary  informa¬ 
tion,  we  wish  to  call  attention  to  an  excellent  and  rather  con¬ 
servative  summary  of  the  vitamin  Bx  contents  of  foods  which 
has  appeared  recently  (26).  It  may  be  obtained  from  the  Super¬ 
intendent  of  Documents,  Washington,  D.C.,  for  15  cents.  At¬ 
tention  is  called  to  conflicting  statements  about  the  significance 
of  the  star  (* *)  in  Tables  1  and  3  of  this  publication.  Evidently 
that  at  the  foot  of  the  latter  table  is  correct.  The  data  of  Table  3 
are  preferable  as  they  represent  a  critical  selection  and  are  uni¬ 
formly  in  Sherman  units. 


TABLE  X 

Thiamin  Content  of  Animal  Tissues 

(7  per  gram  or  parts  per  million) 


Rat 

Growth 

Brady¬ 

cardia 

Pigeon 

Protec¬ 

tive 

Chick 
Test  4 

Pre¬ 

ferred 

Value 

0.9  ' 

1.5  * 

0.25* 

- 

0.5 

1.7  • 

— 

— 

— 

— 

0.7  » 

— 

— 

— 

0.4 

3.7  * 

_ 

0.5  » 

2.0 

1.0 

_ 

— 

9.0 

— 

_ 

— 

— 

14.0 

— 

3.0  • 

— 

— 

— 

— 

4.5  » 

— 

— 

2.0 

1.6  * 

— 

— 

0.4 

_ 

1.2  » 

— 

— 

0.4  * 

1.5  • 

— 

— 

— 

— 

1.5  « 

— 

— 

0.5 

3.0  ‘ 

— 

— 

— 

— 

3.0  ‘ 

— 

— 

- 

1.8  • 

— 

— 

— 

— 

— 

0.5 

_ 

— 

2.0 

— 

10.5  « 

— 

2.0  1 

— 

— 

9.0  ‘ 

9.6* 

2.0* 

— 

3.0 

36.0  * 

— 

4.0* 

23.0 

— 

_ 

6.6  » 

— 

— 

- 

— 

— 

9.0 

— — 

10.2  * 

— 

— 

— 

— 

— 

14.0 

— 

— 

— 

— 

— 

1.0 

1.2  » 

— 

— 

— 

__ 

0.9  » 

— 

— 

_ 

1.8  • 

— 

— 

_ _ 

0.9  » 

— 

— 

0.9  1 

0  • 

— 

— 

0  » 

— 

0.4 

= 

<  2.0  » 

1.0 

Beef  muscle,  raw  . 

Beef  muscle,  raw  . 

Beef  muscle,  cooked 
Beef  muscle,  dried  . 

Beef  heart,  dried  . 

Beef  kidney,  dried  . 

Beef  liver,  raw  .  . 

Beef  liver,  cooked  . 

Veal,  cooked .  .  . 

Chicken  muscle,  roast 
Lamb  muscle,  raw  . 

Lamb  muscle,  roast 
Lamb  liver  .  .  . 

Lamb  heart  .  .  . 

Mutton,  raw .  .  . 

Mutton,  cooked 
Mutton,  dried  .  . 

Pork  muscle,  fresh  . 

Pork  muscle,  cooked 
Pork  muscle,  dried  raw 
Pork,  boiled  smoked  ham 
Pork  heart,  dried  . 

Pork  kidney,  raw  . 

Pork  kidney,  dried 

Bacon  . 

Fish 

Raw  cod  muscle  . 

Raw  whiting  .  . 

Fried  halibut . 

Tinned  sardine  . 
Shrimps  .  . 

Fresh  unspecified 
Dried  unspecified 


1  Christensen  et  oh,  Jour.  Agn.  Res.  63 ,415  (1936). 

*  Hoagland,  Jour.  Agn.  Res.  38,  431  (1929). 
i  Baker  and  Wright,  Biochem.  Jour.  S9,  1802 

*  The  figures  in  this 
and  are  based  on  the 

basaf  ration  High  losses  were  noted  in  canning  of  pork. 
b"p toX's.  *gr.  E*p.  Stt.  A».  R.p«.  1934.  p.  34. 

•  Roscoe,  Biochem.  Jour.  jM,  2050  (1931).  .. 

*Cf  Kemmerer  et  al„  J-  Biol.  Chem.  105.  353  1933) 

•  Jansen,  Mededeel.  Burg.  Geneesk.  Dienst.  1,  1  (1923). 


Remarks 


See  footnote  4. 


TABLE  XI 

Thiamin  Content  of  Dairy  Products 


(7  per  gram  or  parts  per  million) 


Rat 

Growth 

Brady¬ 

cardia 

Pigeon 

Protective 

Rice  Bird 

Preferred 

Value 

Milk,  whole  .... 

0.48  3 

0.7 1 

_ 

0.45  4 

0.45 

Milk  powder  .... 

— 

— 

1.6  2<4 

— 

2.5 

Cheese . 

— 

0.5 1 

— 

— 

0.5 

Egg,  hen’s  whole  .  .  . 

0.8  3 

1.4 1 

— 

— 

1.0 

Egg,  hen’s  whole  .  .  . 

1.7  6 

— 

— 

— 

— 

Egg,  hen’s  white  .  .  . 

0 

— 

— 

— 

0 

Egg,  hen’s  yolk  6  .  .  . 

5.0  6 

— 

— 

— 

3.0 

Egg,  duck . 

4.0  2 

4.0 

1  Baker  and  Wright,  Biochem.  Jour.  29.  1802  (1935). 

*  Jansen,  Mededeel.  Burg.  Geneeek.  Dienst.  Ned.  Ind.  1,  1-118  (1923). 

Donath,  Mededeel.  Dienst.  Volksgezond.  Ned.  Ind.  18,  334  (1929). 

*  M.  S.  Rose,  Laboratory  Handbook  for  Dietetics,  Table  XVIII. 

‘Spruyt  and  Donath,  Mededeel.  Dienst.  Volksgezond.  Ned.  Ind.  21,  64  (1932). 

*  Roscoe,  Biochem.  Jour.  26,  2050  (1931). 

*  An  egg  is  one  third  yolk  approximately. 


TABLE  XII 

Thiamin  Content  of  Legumes 

(7  per  gram  or  parts  per  million) 


Legumes 


Beans,  soy,  raw 
Beans,  mongo  .  . 
Beans,  haricot,  dry 
Beans,  butter,  dry 
Beans,  baked,  cannec 
Beans,  kidney  .  .  . 
Beans,  green,  unspecifie< 
Beans,  French  . 

Beans,  pinto,  raw 
Beans,  string 
Beans,  unspecified 
Dhal  or  Dal  .  . 

Dhal,  sprouted  . 

Lentils.  .  .  . 

Peas,  canned  . 

Peas,  dried  green 
Peas,  green  .  . 

Peanuts  .  .  . 


Rat 

Brady- 

Pigeon 

Protec- 

Pre- 

Growth 

cardia 

Bird 

ferred 

TIVE 

Value 

— 

_ 

2.0  > 

3.5  1 

3.0 

— 

— 

2.8 8 

5.0  8 

4.0 

— 

3.6  » 

— 

_ 

— 

4.8  8 

— 

_ 

— 

Trace  * 

— 

- 

— 

— 

3.0 » 

0.25  » 

— 

— 

— 

1.0 

— 

— 

<  1.6 8 

_ 

15.0  « 
0.48  8 

— 

— 

0.5 

— 

— 

2.5 

— 

— 

— 

3.0 

0.4  ‘ 

6.3  » 

3.6  « 

— 

— 

2.0 

1.0 

3.1  1 

— 

— 

4.01 

8.0  * 

3.0 

1.5 

8.0 

Remarks 


A  wide  variety  of 
beans  or  lentils  are 
covered  by  this  In¬ 
dian  term.8  Often 
they  are  eaten  in 
sprouted  form  in  In¬ 
dia"  as  well  as  in 
China 10  and  vary 
over  a  wide  range  in 
Bi  content. 


"■  0929). 

:assrt  3  „«». 

"Hehir,  P..  Indian  Jour  Med  Res  7  W  1°  stTral.ned  vegetables. 

(m9)- 

w  Ghose,  Bmehem.  Jour.  18,  35  (1922). 

(1929) ;  E.  H.  Funnell,  DiLeitTtVon^CoIJmbia  Univeririt; C°mpt-  Rend-  S°c-  Biol.  100,  587 
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TABLE  XIII 

Thiamin  Content  of  Cereals 

(7  per  gram  or  parts  of  million) 


Rat 

Growth 

Brady¬ 

cardia 

Pigeon 

Protec¬ 

tive 

Rice 

Bird 

Pre¬ 

ferred 

Value 

—  s 

— 

— 

— 

4.0 

4.0 

_ 

— 

— 

— 

0.5 

■ 

42  7 

— 

— 

— 

_ 

2.0  17 

— 

— 

1 

2-3  7 

2.5 

_ 

1 

— 

2.0 

_ 

— 

<  0.7 

— 

0.5 

14 

— 

— 

— 

2.0  1 

— 

2.0 

_ 

4-10 

— 

— 

4.0 

3.3  9 

_ 

— 

— 

3.0 

_ 

0. 3-1.0  4 

0.5 

- 

— 

0.02  « 

Trace 

__ 

— 

— 

— 

_ 

1. 0-3.0  * 

2.2 

_ 

— 

— 

2.5 

Cereals 


Attah  . 


Barley,  whole 
Barley,  pearled 
Barley,  germ  . 

Buckwheat  . 

Maize,  ripe  . 

Maize,  unripe 
Maize,  meal  . 

Maize,  germ  . 

Millet  .  .  . 

Oatmeal 
Oats,  rolled  . 

Rice,  polished  - 
Rice,  polished,  washed 
Rice,  red  —  same  as  whit 
Rice,  unpolished. 

Rice,  cured  •  .  . 

Rice,  polish  .  . 

Rice,  bran  .  • 

Rice,  white  in  human  diet 
Rye,  grain  .  .  • 

Rye,  flour  .... 

Rye,  germ  .  •  • 

Sorghums  .  •  •  • 

Wheat,  whole  berry 
Wheat,  flour,  graham 
Wheat,  flour,  straight 
Wheat,  flour,  patent 
Wheat,  flour,  whole 
Wheat,  bread,  whole 
Wheat,  bread,  white 1 
Wheat,  bread,  off  white 
Wheat,  germ 
Wheat,  bran 


u 


Remarks 


A  mixture  of  vari¬ 
ous  flours,  e.ff., 
wheat,  pea,  and 
maize,  retaining  the 
outer  coats.11 


20  to  37 


5  -V  by  rat  curative  tests  of  J.  C.  Keresztesy  and  W.  L.  Sampson 

'  _ *  r-m  _  • _ _ K.L.  L . .  m «  nurotivo  tantj) 


5  7  by  rat  curative  tests  01  j.  v^.  “"'“‘“j  ““ 
17-23  Same  as  rice  polish  by  rat  curative  tests 

tiiHMiMi  iffilWTiim  1  in  0.3 


4.0  ‘ 

3.3  • 


4-5.2  • 

1.2  • 


22  1 


7-10  * 


0.45  7 
4.5  7 
3.6  7 
0.4-0. 6  7 

18-56 7 
4-9  7 


2.0  10 
1.7  10 
6.0  10 


0.6  1 


2.0 

1.7 


5.0 

3.3 

1.0 

0.5 

4.0 

4.0 

0.5 

1.0 

40.0 


The  values  in  third 
column  for  rye  pro¬ 
ducts  were  obtained 
by  a  special  rat  pro¬ 
tective  method.10  • 

5  7  per  gm.  by  rat 
curative  test 


Varies  with  mill¬ 
ing  process. 


r  r  P  Mededeel.  Burg.  Geneesk.  Dienst.  Ned.  Ind.  1.  1  (19231. 

7  bSut- knd  W  right  Biocjwg^  Jour.  **\  802  U9()  ^ 935) 

:  ...T  (.037, .  *.  .Uo 

’  gSS.  ™“|937j  .nd  to.  P- C-  *“<* 

Harris  L.  J.,  Biochem.  Jour.  31,  812 
'Aykroyd.  W.jRm  JounHggn®ook  for  Dietetics  Table  XVIIL. 

Kiax«re£Sbu.hMB,«l,.„.  z..t 

::  ftaSte  «. «  »»37>- 


taDie  a  v  in. 
MO,  398  (1937). 
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TABLE  XIV 

Thiamin  Content  of  Fresh  Vegetables 

(7  per  gram  or  parts  per  million) 


Beets . 

Cabbage,  etiolated 

Cabbage,  green  .  . 


Carrots,  raw  .  . 

Cauliflower  .  .  . 

Celery . 

Cucumber  .  .  . 

Eggplant  .  .  .  . 

Greens,  unspecified 

Lettuce  .  .  .  , 

Onion . 

Potato  .  .  .  . 

Radish  .  .  .  . 

Spinach  .  .  .  . 


Sweet  potato  .  .  . 

Turnip . 

Turnip  greens  .  .  . 

Rutabagas  .  .  .  . 
Vegetables  unspecified 
Watercress  .  .  .  . 


Rat 

Growth 

Brady¬ 

cardia 

Pigeon 

Protec¬ 

tive 

Rice 

Birds 

Pre¬ 

ferred 

Value 

Remarks 

_ 

2.1  * 

0.5 

1.0* 

— 

— 

_ 

(0.4*  1 
\  0.42  *  J 

2.0 » 

0  * 

— 

0.2 

0.12  7  per  gram 
by  rat  curative  tests 

(2.0»1 

1.8* 

0.4 

in  cooked  cabbage 

1  0.4  *  / 

— 

— 

0.9-3.3 » 

_ 

___ 

0.2 

— 

Trace  1 

— 

_ 

— 

0.9  * 

0  ‘ 

_ 

_ 

— 

— 

— 

0.3  * 

— 

— 

— 

— 

— 

0.5 

f  0.4  *  I 

2.7  * 

i  0.58  «  / 

/  0.4*1 

0.2 

0.18  7  per  gram 
by  rat  curative  tests 

1.2  » 

\  0.3 « / 

— 

— 

0.2 

/  0.75  *  1 
\  0.42 « / 

0.5 

{?:!«'•} 

0.9-1. 2  * 

1.3  ‘ 

— 

0.7 

0.67  7  per  gram  in 
boiled  potato  by  rat 

1.8  1 

2.1  1 

<  1.0  ‘ 

<  1.0 » 

0.4 

0.5 

curative  tests 

5  gm.  dried  spin¬ 
ach  daily  failed  to 
protect  pigeons  in 
authors’  experi- 

Trace  1 

1.3  ‘ 

0.7 

0.5 

ments 

1.8 4 

_ 

0.4  « 

— 

_ 

0.7  * 

1.8  * 

— 

— 

0.5 

0.5 

1  Baker  and  Wright,  Biochem.  Jour.  29,  1802  (1935) 

Roscoe,  M.  H.,  Biochem.  Jour.  2i,  1754  (1930)  sk  190c 
Van  Veen  A  G  Geneesk.  Tijdschr Ned Ind ' 8$$' 
<  Rose,  M  8.  Laboratory  Handbook  for  Dietet  cs  Table  4  VUT- 
‘Jansen,  B.  C.  P„  Mededeel.  Burg.  Geneesk  &L  Ned  lid  ) 


1  (1923). 
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TABLE  XV 

Thiamin  Content  of  Fruits 
(7  per  gram  or  parts  per  million) 


TABLE  XVI 


Thiamin  Content  of  Miscellaneous  Foods 


Beverages 

Beer . 

Chocolate  .  .  •  • 

Coffee . 

Tea . 


Preferred  Values 
per  Gram 

Trace 

1.0? 

Trace 

Trace 


Fats 

Lard  . . 

Salad  oils  .  •  •  • 

Vegetable  frying  fats 


O' 

0 

0 


see  page 


266 


NutS  1  e 

Almond . 

Chestnut  •  •  •  • 

Hazelnut  .  .  •  •  * * 

Pecan  . 


Starchy  Foods 

Tapioca  .  •  •  • 

Sago  •••••• 

Macaroni  .  .  .  • 

Spaghetti  •  •  •  • 

Sweets 

Honey . 

Sugar  . 

Molasses  .  •  •  • 

Yeast,  bakers’  .  . 

Yeast,  brewers  .  . 


Preferred  Values 
per  Gram 

0.1 

0.1 

0.5 

0.5 


0 

0 

0.1  see  page  234 

20  see  page  235 
70  see  page  235 
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CHAPTER  XIX 


STORAGE  AND  EXCRETION 

The  tissues  of  experimental  animals  contain  thiamin  in 
greater  or  lesser  amounts,  depending  upon  the  thiamin  content 
of  the  diets  to  which  the  animals  have  been  subjected.  The  ex¬ 
creta  also  regularly  contain  thiamin  in  greater  or  lesser  amount, 
depending  on  the  current  intake  of  the  substance  in  the  diet. 
However,  the  proportion  of  thiamin  stored  to  that  excreted  or 
destroyed  by  metabolic  processes  is  not  yet  well  established  for 
many  species  and  probably  depends  on  many  as  yet  ill-defined 
factors.  It  has,  however,  become  clear  that  the  body  is  not 
capable  of  storing  large  supplies  of  thiamin  against  a  future 
time  of  need  but  tends  to  waste  what  it  cannot  immediately  use. 
n  general,  it  holds  in  reserve  at  a  given  time  only  a  sufficient 
supply  to  care  for  its  absolute  necessities  during  a  period  of  a 

^.Hhnt'fThHe  hi°du  ^A0t’  however>  an  utter  spendthrift  in  this 
regard  but  tends  to  build  up  very  considerable  temporary  reserves 

during  pen°ds  of  plentiful  supply.  The  point  which  deserves 
greatest  emphasis  is  that  the  period  during  which  an  excess  can 
be  stored  is  relatively  brief.  This  is  probably  in  part  a  reflection 
of  the  delicacy  of  the  structure  of  the  thiamin  molecule  which 
gives  the  substance  a  perishable  nature  in  the  bodv 

stnrde  j°m  the-  question  of  the  overall  thiamin  economv  the 
storage  and  excretion  of  thiamin  presents  many  problems  which 

serious  restraints  to  progrras^towar^  sfmh^  ,operated  as 
offer  considerable  obstadis  ThiTf^  .  ^  knowledge  and  still 
uncertainty  as  to  the  specificki  nf  t?bs‘ac*es . comPrise  not  only 
laborious  and  tedious  nature  of' the  1?  USe  but  also  the 

the  annual  output  of  r“u“ts  Whlch  necessarily  limits 

distdbidon  of'thkmtalnlhtbod^^arth  Unsystematic  aa  to  the 

2°3dy’  as  the  experiments  involved 
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were  aimed  at  determining  the  potency  of  foodstuffs  from  animal 
sources  rather  than  the  fate  of  the  substance  in  the  body.  Cooper 
thus  early  assayed  several  of  the  organs  of  beeves  (1)  by  feeding 
the  tissues  in  definite  quantities  to  pigeons  which  were  otherwise 
maintained  on  polished  rice.  He  used  as  a  gauge  of  vitamin 
content  not  only  the  prevention  of  polyneuritis  but  also  the 
maintenance  of  weight.  The  several  organs  were  rated  as  follows 
in  descending  order  of  potency:  liver,  heart,  cerebrum,  cere¬ 
bellum,  skeletal  muscle.  Hess  and  Takahashi  followed  with  evi¬ 
dence  of  depletion  of  the  substance  in  the  organs  of  polyneuritic 
pigeons  (2).  For  this  purpose  they  fed  mice  and  rats  on  polished 
rice  with  addenda  of  the  tissues  from  normal  and  from  polyneu¬ 
ritic  birds,  respectively,  and  found  that  the  former  were  some¬ 
what  more  effective  in  prolonging  the  lives  of  the  rodents.  Abder- 
halden  (3)  pursued  the  subject  further  by  similar  methods  using 
the  tissues  of  pigeons  as  dietary  supplements  for  pigeons  fed  on 
polished  rice  and  also  on  a  basal  diet  of  the  more  modern  type. 
Again  a  superiority  was  observed  of  normal  tissues  over  po  y- 
neuritic  ones  in  respect  to  prevention  of  recurrence  of  poly¬ 
neuritic  symptoms.  Among  the  normal  tissues  liver  was  superior, 
but  muscle  kidneys,  and  brain  displayed  no  significant  dif- 
ferences  one  from  another.  The  outstanding  fact,  however  ac- 
j-  tn  AhHprhalden’s  view,  was  that  the  organs  of  poly 
neuritie  birdfatp^'tfflTapable  of  Wording  some  protects 

,  PP  the  several  organs  in  various  states  of  depletion, 
obtained  for  the  several  oiga.  ,  : n*0  standard  units. 

No  attempt  was  made  toconwtfte  val^  t .  idea8  o{ 

Thus  were  secured  for  *«***“"*  come  ^  n  which  they 

thiamin  content  of  organs  deficiency  of  vitamin  in  the 

suffer  in  the  course  of  periods  of  deh"  of  tissue 

assart  <■«*•  °<  - 

namely,  the  animals  which  were  s  a  g  q(  tissues.  xhe 
and  those  which  were  used If  animals  each.  Males  and 

former  consisted  °LS1X  JF?.P  ,  d  xtie  first  group  was  fed  for 
females  were  equally  d“>tribu  •  whole  miU[  powder, 

-pT-  ** » -  - 
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3  per  cent  salts,  and  10  per  cent  autoclaved  yeast.  Cod  liver  oil 
was  given  as  an  addendum.  The  animals  of  one  of  these  five 
groups  were  slaughtered  after  one  week  on  this  diet,  a  second 
after  two  weeks,  and  so  on.  All  animals  weighed  150  to  200  grams 
at  the  outset  of  this  feeding  and  underwent  no  great  changes  in 


weight  on  the  diets.  Those  on  the  deficient  diet  for  the  longer 


periods  were  found  to  be  almost  depleted  of  fat.  None  of  the 
rats  developed  forthright  polyneuritis  during  the  period  of  feed¬ 
ing.  The  same  thiamin-deficient  basal  diet  was  employed  for 
the  animals  used  for  assay  purposes.  After  weight  loss  set  in, 
these  rats  were  given  single  doses  of  one  of  the  dried  tissues  and 
the  rises  in  weight  were  observed. 

By  such  means  Westenbrink  reached  the  conclusion  that  the 
liver  loses  four  fifths  of  its  vitamin  during  a  single  week  of  de¬ 
ficiency  and  that  the  loss  then  progresses  more  slowly  till  only 
about  one  twentieth  of  the  original  content  is  left  at  the  end 
of  five  weeks.  The  kidney,  starting  at  nearly  the  same  level  as 
the  liver,  loses  at  a  like  rate.  The  heart,  perhaps  at  the  outset 
a  little  richer  in  thiamin  than  the  liver  and  kidney,  loses  equally 
rapidly  in  the  first  week,  but  much  less  rapidly  thereafter. 

The  brain  is  of  particular  interest  because  of  the  outstanding 
character  of  the  nervous  symptoms  in  beriberi.  In  this  organ 
in  the  rat  the  normal  thiamin  content  is  lower  than  in  the  above- 
mentioned  organs,  perhaps  half  that  of  the  heart.  The  loss  during 
the  first  week  is  scarcely  perceptible  and  does  not  attain  large 
proportions  at  any  stage.  Westenbrink  states  that  at  the  end 
of  five  weeks  about  one  fifth  of  the  original  amount  is  still 
present,  but  his  curves  appear  to  justify  a  higher  estimate  of 
the  percentage  retained. 


The  muscle,  lungs,  stomach,  small  intestine,  and  spleen  had 


fleets  Westenbrink: 
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2  3 

TIME  IN  WEEKS 


I  IIV1C.  ir* 

Figure  8.  Decline  in  vitamin  Bi  content  of  organs  of  rate  fed  on 
deficient  diet.  The  values  are  expressed  in  Y  of  thiamin  per  gra  ry 

tissue  but  are  not  to  be  regarded  as  reliable  in  an  absolute  sense. 

Westenbrink  extended  the  study  to  pigeons  two  years  later 

ffD  though  with  less  quantitative  detail.  The  diets  and  metho 
used  to  supply  the  organs.  •  j+u  Figure  8  in  order 

a  manner  mlnbLrc^mXcon^ts  Ceen  pigeons 

t0  Jurats  °The  precision  of  the  values  is  even  lower  than  in  the 
previous  figure  concerning  rats,  as  fewer  assays  were  made. 

TABLE  XVII 

Decline  in  the  Thiamin  Content  or  Tissues 

Normal  IS  Days 

Tissue 


Liver  . 
Heart 
Brain 
Muscle 


15  y 
15  y 
12  y 
20  y 


5  y 
7  y 
4  y 

6  y 


Westenbrink  summarizes  hi^^  in  thiamin 

The  muscle  in  pigeons,  m  con  .  p  _j'„eon  organs  lose  the 

than  the  liver,  kidney,  and  b  ■  days  on  a  deficient 

greater  part  of  their  thiamin  ra[s  is  higher  than 

diet.  The  initial  level  in  the  r^  b  ^  ,g  more  rapid  at 

in  any  of  the  organs  P  £  ,  thiamin  contents  are  similar 

first,  so  that  after  two  wee  ^  facti  pigeons  contract  po  y- 
for  the  two  species.  In  sp  this  stage  than  rats  do.  The 

neuritis  much  sooner  after  reacning 
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more  rapid  and  greater  loss  in  the  pigeon  brain  seems  significant. 
Westenbrink  rejects  the  idea  that  the  occurrence  of  polyneuritis 
is  conditioned  by  complete  exhaustion  of  thiamin  supply. 

A  comparison  of  carbohydrate-rich  diet  versus  high-fat  diet 
as  to  their  effects  upon  the  extent  of  exhaustion  of  the  thiamin 
content  of  tissues  of  pigeons  is  also  included  in  Westenbrink’s 
later  paper.  His  conclusion  is  that  the  fat  content  of  the  diet  does 
not  influence  the  rate  of  exhaustion  of  thiamin,  a  conclusion 
which  the  present  authors  feel  is  based  upon  somewhat  too 
slender  evidence.  (See  Chapter  XXI,  where  this  subject  is  dis¬ 
cussed  in  greater  detail.)  However,  it  is  certainly  true  that  there 
is  little  contrast  in  the  effects  of  the  two  types  of  diet. 

Kemmerer  and  Steenbock  (7),  using  essentially  the  same 
method  as  that  of  Westenbrink,  made  a  special  study  of  the  ef¬ 
fect  of  fat  in  the  diet  upon  the  conservation  of  thiamin  in  the 
tissues.  The  following  figures  on  thiamin  content  of  various 
tissues  are  inferred  from  the  tabulations  of  these  authors: 


Tissue 


Rat  . 

Muscle 

Liver 

Liver 

Chick  . 

Muscle,  dark 
Muscle,  light 
Muscle,  light 
Liver 

Pork,  young  . . . 

Pork . 

Beef  . 

Diet 
Normal 
Low  Bi 
Normal 
Low  Bi 
Normal 
Low  Bi 
Normal 
Low  Bi 
Normal 
Normal 
Normal 
Normal 


y  per  Gram  (Fresh) 
2 
1 

12 

1 

2 

1 

2 

1 

12 

6-8 

12 

1.5 


ft®*  .?f  fat  'n  tTh.e  diet  on  the  thiamin  in  the  tissues 
could  not  be  discerned  Liver  seems  to  be  prevalently  high  in 

content:  muscle  t0  be  quite  variable  from  specifs  to 

Shin  (8  9)  has  contributed  a  series  of  studies  of  the  distri- 

ih  thp  ?f|]thlamm  ln, the  ues  of  rabbits.  He  rates  the  tissues 

W ^  sp°eerkMn°eveLn^hbre?PeCn  t0  thiamin  eventration: 
„,’nH  PtI  ’  kldneyl  !ung’  braln>  heart  muscle,  and  mammary 
gland.  The  aggregate  amount  in  the  blood  k  o„;h  /.  v ,  ‘  i.  ir 

that  in  the  liver.  Rabbit  urine  contained  a  i;.*L  ,  ,  •  •  ,a  * 

these  authors  found  none  in  human “  suSingZT’theV 
method  was  not  very  sensitive.  In  pregnant^ahhkf  th  th 
mary  gland  is  reported  as  showing  hfghfr  thiamin  enr.^  *  .?m' 

is  the  case  in  non-pregnant  animals.  The  liver  and  kidnZ  u1  a“ 
substantial  decreases  in  Dretmanov  tl  7!  and  kld.ney  show 
third  as  much  as  the  hver  the  nk^r  ^,1  contained  one- 
progress  toward  normal  in  thiamnfdktnh!  f  &  ^  r!  much.  The 
IS  indicated.  Puerperal  urine  is  said  tnZnt"  after  preSnancy 
than  normal,  the  increased  excretion  heW  tZ'11!. more 
.. *«.  th. 
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the  puerperium.  The  amount  of  the  tissues,  fluids,  etc.,  neces¬ 
sary  to  cure  polyneuritis  in  pigeons  was  used  as  the  criterion  of 
thiamin  content. 

Griffith  (10)  depleted  rats  of  thiamin  by  feeding  on  diet  of 
casein,  sucrose,  and  salt  mixture  with  addenda  of  cod  liver  oil 
and  liver  extract.  The  carcasses  of  the  polyneuritic  animals 
were  minced  after  discarding  the  paws,  stomach,  and  intestines, 
and  the  minced  tissue  was  assayed  by  the  rat  growth  method  in 
comparison  with  corresponding  tissues  of  normal  rats.  Very 
marked  depletion  was  observed,  but  the  data  do  not  permit  a 
quantitative  statement. 

All  of  the  foregoing  assays  which  have  been  cited  in  this  chap¬ 
ter  were  made  under  such  circumstances  that  we  can  scarcely 
trust  them  for  quantitative  purposes  except  in  a  relative  sense. 
As  we  have  stated  in  the  previous  chapter,  weight  gain  is  marked 
on  administration  of  thiamin  to  animals  which  have  been  kept 
for  some  time  on  a  deficient  diet.  When  foods  containing  thiamin 
are  given  to  such  animals,  we  believe  that  other  factors  besides 
thiamin  content  contribute  to  the  weight  gains  and  give  falsely 
high  values.  The  values  which  we  have  recorded  above  should  be 
regarded  only  as  a  means  of  comparing  the  results  of  various 
workers  and  the  relative  weight-promoting  properties  of  the 
tissues  in  terms  of  pure  thiamin  required  to  produce  equal 
weight  responses.  The  results  which  follow  in  this  chapter, 
being  obtained  by  better  methods,  are  quantitatively  more  trust- 


W°  Leong  (11)  gives  us  the  following  tabulation  of  the  distribu¬ 
tion  of  thiamin  in  various  tissues  of  rats.  His  method  of  test 
was  that  involving  the  cure  of  bradycardia  in  rats.  For  rats  on 
the  stock  diet,  which  was  only  moderately  rich  in  thiamin,  the 
results  are  shown  in  Table  XVIII. 


TABLE  XVIII 

Thiamin  Content  of  Normal  Rat  Organs 


Thiamin,  7  p®R  Gram 
or  Fresh  Tissue 

Av. 

Thiami 

N,  7  IN  I 

Organ 

Entire 

A  <S 

B  9 

c<* 

Ac? 

B  9 

C  <3 

Body  weight . 

Liver . 

Heart . 

Kidney . 

Brain . 

Spleen . 

Lung . 

Muscle . 

Body  fat . 

152 

4.5 
3.9 
1.2 

3.6 
3.6 
1.5 
1.2 
1.5 

160 

5.1 
3.9 
0.6 

2.7 
3.0 

1.8 

1.2 
0.6 

240 

4.2 

4.8 

1.8 
6.0 

5.4 
3.6 

1.5 

0.9 

4.5 

4.2 

1.2 

4.2 
3.9 
2.4 

1.2 
1.2 

152 

7.5 

2.7 

1.8 
4.8 

5.4 
1.2 

57.6 

7.5 

160 

8.2 

2.7 
0.9 
4.2 
3.6 

1.8 
61.2 

3.6 

240 

11.9 

3.0 

2.4 
7.2 

5.4 

3.6 
72.0 

2.7 

Blood . 

Total 

103.5  y  102.3  y  137.4  y 
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For  rats  on  diets  rich  in  thiamin  the  liver  and  heart  reached 
levels  of  about  7.8  7  and  8.1  7  per  gram,  respectively,  i.e., 
scarcely  twice  as  high  as  in  the  normals.  The  kidney  was  nearly 
three  times  as  high,  but  other  organs  showed  rather  lesser  in¬ 
creases.  Rats  kept  for  a  month  on  a  thiamin-free  diet  showed 
I.87  and  0.3  7  per  gram  in  the  liver  and  muscle,  respectively; 
those  on  average  diet  5.1  7  and  1.2 7,  respectively;  those  on 
high  thiamin  diets  7.87  and  1.8  7  respectively.  The  liver  and 
muscle  contain  80  to  90  per  cent  of  the  whole  body  store;  the 
liver  about  30  per  cent;  the  muscle  about  50  per  cent. 

These  results  are  in  rather  marked  contrast  in  some  respects 
to  those  of  Brodie  and  MacLeod  (12).  These  authors  concluded 
on  the  basis  of  assays  by  the  rat  growth  method  that  there  is 
ten  times  as  much  thiamin  per  gram  in  the  rat  liver  as  in  the 
muscle.  Kidney  was  about  half  and  brain  one-third  as  rich  per 
gram  as  liver.  Heart  was  almost  as  rich  as  liver,  while  blood, 
spleen,  and  lungs  contained  only  traces.  This  represents  the 
case  for  animals  on  a  normal  diet.  On  a  B1  deficient  diet  the 
tissues,  except  the  brain,  became  so  depleted  that  thiamin  could 
not  be  detected  by  the  method  used.  The  tissues  of  animals  on 
a  thiamin-rich  diet  containing  whole  yeast  showed  somewhat 
higher  than  normal  thiamin  contents. 

Jarussowa  (13)  devoted  particular  attention  to  the  question  of 
temporary  storage  in  pigeons.  Various  products  rich  in  thiamin 
were  fed  in  liberal  quantities  to  the  birds.  Following  this,  poly¬ 
neuritis  was  developed  in  them  by  feeding  them  exclusively  on 
autoclaved  buckwheat.  The  time  of  onset  of  polyneuritis  and 
the  duration  of  life  were  roughly  proportional  to  the  quantities 
oi  thiamin-rich  food  previously  ingested,  indicating  a  significant 
capacity  of  the  animals  to  store  thiamin  for  a  few  weeks  The 
present  authors  can  fully  confirm  this  finding  from  their  own 
experience.  Indeed  the  whole  experience  of  many  workers  on 
thiamin  assaying  both  with  birds  and  mammals  shows  the  neces- 

mr.nl  aTK?letlon  p!Ln?d  ^fore  thiamin  deficiency  becomes  ap- 
Cpnorary^omgaeSUffiClent  6VldenCe  “  Hself  °f  the  capacitT  & 

u  ve7  Mpressive  contribution  on  the  thiamin  content  of 
b  ood  ls  due  to  Meiklejohn  (14).  Using  the  weight  of  mycelium 
of  the  fungus  Phycomyces  Blakesleeanus,  produced  under  stand? 
ad  conditions,  as  the  measure  of  thiamin  present  he  has  .rloni  a 

The  USe,WHh  a  *r  -bicPceTt™i^:fadbaCd 

0  30  y'ler  cubte  ™n  i ET th^o?  £*  dtf 

ToM7  XlTl  SP6CrnS  0f’  A V&iSS  from0ai3°0Uy 

cubic  centimeter  “somlTof  ?heeShumagndcfr0m  °'7r  t0  °-88^  per 
pathological  states,  but  no  description  “ 

deals  only  with  method  as  primary  subject  matter  P&Per 
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Cancer  tissue  is  said  to  be  subnormal  in  thiamin  content 
(15). 


as 


Excretion  of  Thiamin 

Excretion  in  the  feces  has  not  generally  been  regarded  — 
very  significant  because  feces  may  include  unabsorbed  residues 
of  thiamin  originating  in  the  food  and  because  synthesis  of 
thiamin  may  occur  in  the  intestinal  tract.  (See  Chapters  XVII 
and  XXI.)  We  will  touch  upon  this  phase  of  excretion  only 
incidentally  in  the  course  of  discussing  the  excretion  in  the 
urine,  a  feature  which  is  assuming  increasing  importance  as  a 
diagnostic  test  of  thiamin  deficiency.  The  advent  of  more  ade¬ 
quate  and  convenient  methods  of  assay  is  to  a  large  extent 

responsible  for  the  rising  interest  in  this  field.  . 

Early  reference  was  made  to  the  subject  by  Cooper  in  1914. 

O  M  Helmer  made  one  of  the  first  serious  attempts  to  put 
the  matter  on  a  quantitative  basis  (16).  He  evaporated  human 
urine  in  vacuo  and  fed  the  residue  in  admixture  with  hydrogen¬ 
ated  cottonseed  oil  to  rats  which  had  been  kept  on  a  thiamin- 
deficient  diet  until  the  weight  began  to  decline.  He  was  able 
to  show  a  difference  in  vitamin  content  of  the  urine  be^en 
nnrmallv  fed  individuals  on  the  one  hand  and,  on  the  other, 
one  Datient  exhibiting  evidence  of  a  deficiency  state.  Roscoe 
(T 7 ^followed  an  essentially  similar  technique  with  similar  re¬ 
mits  "min  was  not  found  in  urine  of  subjects  on  the  hos- 
i  At  hut.  was  encountered  when  excess  vitamin  was  fed 

Wh^about  2  5  mg.  of  thiamin  was  administered  as  a  yeast 
When  abou  •  S  fifths  of  that  amount  appeared  in 

theCurine  A°patint  with  alcoholic  neuritis  seemed  to  excrete 
a  "lightly  larger  proportmn  Aan  did  th^  normals.  seems 

The  development  of  the  bradycardia  mei  ^  ^ 

to  have  contributed  v27i^et)10d  reqUires  some  further  critical 
edge  on  tins  subject .This ^mettodre^  of  „  can  be  ac- 

study  before  its  resu  t  XVII.)  However,  it  seems 

cepted  with  finality  (See  Chapter  XvnM  ^  and  Ae  re. 

peculiarly  well  adapted consistent  in  this  case.  In  this  instance 
suits  seem  remarked  y  ;mnortant  than  absolute  values,  as 
relative  values  are  mo  P  s  that  only  a  small  and 

a  — 

”  twiali  on  h....* -"•SgS jNySM 
„«  by  Harm  ^<“>^5  30  to  90  y  of  Hi- 

17  to  37  years  of  age  on  norm  was  6Q  y  Thl?  Was  es- 

amin  in  the  urine  da>]y-  J  he  a  g  Ser  cent  0f  the  thiamin  in¬ 
timated  to  represent  about  o  to  o  p 
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gested.  As  a  tentative  standard  it  was  proposed  that  less 
than  36  7  per  day  excreted  should  be  regarded  as  an  indication 
of  a  Bi  deficiency.  Preliminary  tests  indicated  that  in  beriberi 
the  excretion  may  fall  to  7  to  87  daily.  (See  p.  102.) 

One  of  these  authors  has  contributed  much  more  voluminous 
data  on  excretion  by  rats  in  a  later  paper  (19).  This  study  in¬ 
cludes  the  matter  of  fecal  excretion  and  bacterial  synthesis.  The 
latter  is  regarded  as  small  enough  as  to  cause  no  serious  diffi¬ 
culty  in  interpretation  of  results.  Normal  rats  excreted  1.5 
to  4.2  7  per  day  in  the  feces.  When  given  10  to  20  International 
Units  of  standard  adsorbate  they  excreted  2.7  to  5.4  7  the  fol¬ 
lowing  day  in  the  feces.  Thiamin-deficient  rats  excreted 
1.5  to  4.2  7  in  the  feces;  when  given  14  to  200  mg.  of  standard 
clay,  their  fecal  excretion  for  the  following  day  covered  the 
same  range,  but  surprisingly  averaged  substantially  lower,  viz., 
2.4  7  versus  1.2  7.  The  reduced  excretions  were  from  those 
animals  which  received  the  larger  amounts  of  adsorbate,  viz., 
200  mg.  It  is  concluded  that  very  little  thiamin  escapes  absorp¬ 
tion  in  the  gut.  When  much  larger  amounts  of  clay  were  ad¬ 
ministered,  an  excess  was  found  in  the  feces.  In  general,  fecal 
excretion  is  regarded  as  small  and  substantially  constant  over 
the  usual  range  of  intakes. 

Rats  on  ten  different  diets  ranging  in  thiamin  content  from 
0  to  112.5  7  per  gram  were  used  for  the  study  of  urinary  and 
lecal  output  of  thiamin.  Thiamin  was  given  in  the  form  of  the 
International  Standard  Clay.  The  adsorptive  properties  of  the 
clay  may  have  influenced  excretion  esDeciallv  at,  h\vh  Wp1«  p f 


metnod.  These  are  set  forth  in  Tahio  yty 


more  than  6  7  in  the  feces. 


it  on  the  above  series  of  ten 
"'T*''  ^crmined  by  the  same 


OUTPUT 


intake.  The  values  are  expressed 
as  y  of  thiamin. 


of  intake.  The  values  are  expressed 
as  v  of  thiamin. 
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of  Ammerman  and  Waterman  that  animals  are  able  to  profit  to 
a  considerable  degree  by  more  than  usually  generous  supplies 
of  thiamin  (see  Chapter  XXII).  At  the  still  higher  levels  there 
is  not  only  considerable  wastage  in  the  urine  but  also  some 
90  y  per  day  are  destroyed  per  rat. 

Knott  (20)  attempted  to  ascertain  the  thiamin  requirement 
of  young  children  by  determining  the  proportion  excreted  in 
urine  and  feces  at  several  different  levels  of  thiamin  intake. 
Increasingly  high  retentions  were  observed  with  higher  levels 
of  ingestion,  and  the  optimum  utilization  corresponded  to  a 
level  of  about  100  y  of  thiamin  per  day  per  kilo  of  body  weight. 
This  study  assumes  that  the  thiamin  not  excreted  is  utilized 
or  stored  and  does  not  take  into  account  destruction  in  the 
body.  This  error  is  important  from  a  theoretical  standpoint 
but  probably  not  from  a  practical  one  as  far  as  human  nu¬ 
trition  is  concerned,  since  economy  of  children  is  rated  as  more 
vital  than  economy  of  thiamin. 

A  suggestive  observation  by  Bernstein  (21)  on  the  excretion 
of  vitamin  C  in  sweat  raises  the  question  as  to  whether  this 
form  of  excretion  may  not  be  an  important  source  of  loss  of 
thiamin  also.  This  is  true  especially  because  hard  labor  has 
often  been  regarded  as  conducive  to  beriberi.  Bernstein  found 
that  mine  laborers  lost  as  much  as  2  mg.  per  hour  of  vitamin 
Gin  sweat  and  displayed  frequent  evidence  of  scurvy  even  when 

standard^  adequate  in  this  re§ard  according  to  ordinary 


Summary 

Storage  of  thiamin  is  widespread  in  the  bodv  the  hio-hp<st 

“on r?hbeing  liVeri  kid"  ey'  heart'  and tyai„thThf con- 
entration  m  the  muscles  is  low  in  the  rat,  the  young  chick  and 

^  in  ^ad^lTpton aTyhhigheH  in  the  adult  hoS  and 

pln  oTlhe  bodTstteand  ^  thiami"  COnstitutes  larger 
the^morif  slowly 'the  tast^ininml  ^0red  rapidly  at  first, 

to  a^great  extent  even  at’the  expensfoTothe^Tssrs.1*8 

that  the  effects  ^f^high^ntates'durinff'3®^  “T 3  aPPreciaMy  so 
sist  for  a  few  weeks  but  nnt  f  1  a  Penod  may  per- 

is  largely  wasted  in  excretion  or'byZSon  in  Xd?™” 
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The  fecal  excretion  is  fairly  constant  and  relatively  small  in 
rats.  The  urinary  excretion  in  both  rats  and  humans  is  quite 
sensitive  to  the  intake  in  the  food.  Although  only  a  small  per¬ 
centage  of  the  intake  is  excreted  in  the  urine,  change  of  intake 
is  promptly  and  markedly  reflected  by  the  urinary  output.  A 
large  amount  of  work  is  now  in  progress,  showing  that  urinary 
output  of  thiamin  is  a  useful  and  reliable  index  of  deficiency 
states.  Much  of  it  is  not  yet  ready  for  publication  but  doubtless 
will  appear  shortly.  There  is  a  great  need  for  a  study  of  thiamin 
distribution  in  human  tissues.  Only  a  few  scattered  data  have 
appeared. 


2. 


4. 


5. 


BIBLIOGRAPHY 

1.  Cooper,  A.  E.:  On  the  Protective  and  Curative  Properties  of  Cer¬ 
tain  Foodstuffs  against  Polyneuritis  Induced  in  Birds  by  a  Diet 
of  Polished  Rice.  Jour.  Hyg.  H,  12,  1914. 

Hess,  W.  R.,  and  Takahashi,  N.:  Nachweis  eines  stofflichen 
Defizits  in  Gewebe  an  Avitaminose  erkrankter  Tiere.  Biochem. 

Zeit.  122,  193,  1921.  ,  J 

Abderhalden,  E.:  Studien  fiber  das  Wesen  der  Wirkung  des  \ita- 

rain  B  Komplexes.  I.  Mitt.  Pflfiger’s  Arch.  226,  723,  1931. 
Westenbrink,  H.  G.  K.:  Ober  den  Gehalt  an  Vitamin-B^,  der 
Organe  von  weissen  Ratten  bei  normaler  und  Vitamm-B^lreier 

Emahrung.  Arch.  Neerl.  17,  560,  1932.  .  , 

Jansen,  B.  C.  P.:  Determination  of  the  Value  of  the  Internationa 

Standard.  Zeit.  f.  Vitaminforsch  5  254,  1936^  . 

Westenbeink,  H.  G.  K.:  Uber  das  Verschw.nden  des  Vitamins 
B,  aus  einigen  Organen  von  Tauben  be.  Vitamm-B £  "g1’  S 
lehvdratreicher,  Fettarmer  Nahrung,  Bezw.  bei  Vitarnin-B^-freie  , 
Kohlehy  dratf  reier ,  Fettreicher  Nahrung,  nebst  emer  Vergle.eh  g 
des  Vitamin-B,-Gehaltes  von  Organen  von  Ratten  und  lauben. 

Arch.  Neerl  ;9,  116,  im  cR  R  study  of  the  Sparing  Ac. 
UoTofTt's  on  the  Vitamin  B  Content  of  Animal  Tissues.  Jour. 

8.  and  Infant  Beriberi- 
Jour.  Chosen  Med.  Assm  U,  1011,  ^  Inf#nt  Beriberi 

9-  IV1  Vitamin  B  Content  o7  Various  Organs  and 

aftWeffla*  Jour.  Chosen  Med.  Assn. 

10.  S^Th.:  Studies  of  Growth.  B  and  G  Content  of  Body 


7. 


STORAGE  AND  EXCRETION  255 

Tissues  of  Normal  and  Experimental  Rats.  Jour.  Nutrition,  10, 
675,  1935. 

11.  Leong,  P.  C.:  Vitamin  B1  in  the  Animal  Organism.  I.  The  Maxi¬ 
mum  Storage  of  in  the  Tissues  of  the  Rat.  Biochem.  Jour.  81, 
367,  1937. 

12.  Brodie,  J.  B.,  and  MacLeod,  F.  L.:  Quantitative  Experiments  on 
the  Occurrence  of  Vitamin  B  in  Organs.  Jour.  Nutrition  10,  179, 
1935. 

13.  Jarussowa,  N.  S.:  Zur  Frage  liber  die  Anhaufung  des  antineuri- 
tischen  Vitamins  (B)  im  Organismus  von  Tieren.  Zeit.  f.  Vita- 
minforsch.  6,  98,  1937. 

14.  Meiklejohn,  A.  P.:  Estimation  of  Vitamin  Bj  in  Blood  by  a 
Modification  of  Schopfer’s  Test.  Biochem.  J.  31,  1441,  1937. 

15.  Nakahara,  W.,  and  Somekawa,  E.:  Vitamins  and  Tumour  Growth. 
Vitamin  B  Content  of  Rat  Tumours.  Proc.  Imp.  Acad.  (Japan) 
6,  345,  1930. 

16.  Helmer,  0.  M.:  Vitamin  Bj  and  B2  Content  of  Human  Urine. 
Proc.  Soc.  Exp.  Biol.  Med.  32,  1187,  1935. 

17.  Roscoe,  M.  H.:  B  Vitamins  in  Human  Urine.  Biochem.  J.  30, 
1053,  1936. 

18.  Harris,  L.  J.,  and  Leong,  P.  C.:  Excretion  of  Vitamin  Bx  in  Hu¬ 
man  Urine  and  Its  Dependence  on  Dietary  Intake.  Lancet  1, 
886,  1936. 

19.  Leong,  P.  C.:  Vitamin  Bj  in  the  Animal  Organism.  II.  A  Quanti¬ 
tative  Study  of  the  Metabolism  of  Vitamin  B.  in  Rats.  Biochem 
J.  31,  373,  1937. 

20.  Knott,  E.  M.:  A  Quantitative  Study  of  the  Utilization  and  Re¬ 
tention  of  Vitamin  B  by  Young  Children.  Jour.  Nutrition  12 
597,  1936. 

21.  Bernstein,  R.  E.:  Excretion  of  Vitamin  C  in  Sweat.  Nature 
HO,  684,  1937. 


CHAPTER  XX 


THIAMIN  REQUIREMENT  IN  RELATION  TO 
QUANTITY  OF  FOOD 

Westenbrink  has  given  us  an  excellent  review  of  a  large 
part  of  the  existing  literature  upon  this  subject.  This  review 
has  been  drawn  upon  freely  in  the  discussion  which  follows. 
While  there  is  some  conflict  in  the  evidence,  on  the  whole  it 
provides  a  definite  support  for  the  thesis  that  the  Bx  require¬ 
ment  rises  with  the  food  consumption. 

The  experiments  of  Cooper  (2)  involved  forced  feeding  of 
pigeons  upon  various  quantities  of  polished  rice  ranging  from 
1/11  to  1/30  of  the  body  weight  daily.  The  number  of  birds 
at  each  feeding  level  was  small,  so  that  the  comparative  results 
on  the  forcibly  fed  birds  cannot  be  considered  statistically.  On 
their  face  the  figures  do  not  appear  to  show  any  relationship 
within  the  range  of  experiment  between  the  amount  of  food 
which  was  administered  and  the  rapidity  of  development  of 
polyneuritis.  The  group  of  forcibly  fed  birds  as  a  whole,  how¬ 
ever,  developed  polyneuritis  in  a  substantially  shorter  time  than 
was  the  case  with  the  parallel  series  of  birds  which  were  allowed 
to  limit  their  food  intake  according  to  their  appetites.  Thus  the 
time  elapsing  before  polyneuritis  in  the  case  of  the  forcibly  ted 
birds  ranged  from  9  to  26  days;  the  majority  succumbed  at 
13  to  16  days.  By  contrast  the  birds  fed  ad  libitum  withstoo 
polyneuritis  from  21  to  33  days,  the  mean  being  about  26  days 
Under  the  latter  circumstances,  as  all  experimenters  are  well 
aware  the  food  consumption  of  pigeons  which  may  amount  at 
first  to  1/20  of  the  body  weight  rapidly  falls  as  the  animals  are 
depleted  of  vitamin  until,  during  the  last  several  days  of  life,  food 
pnnsu motion  may  drop  to  1/200  of  the  body  weight  or  less.  It  is 
of  grea^interest  fo  note  that  all  animals  thus  protect  themselves 

irjdsfss  crstt*]: 

am Innth°ef  foregoing  experiments  Westenbrink  notes  that  the 
rice  was  presSly  not  entirely  free  from  th.amm  so  that  the 
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forcibly  fed  birds  automatically  received  more  thiamin  as  they 
received  more  food;  conversely  the  free-eating  birds  automat¬ 
ically  lessened  their  thiamin  intake  as  the  experiment  progressed 
and  their  food  consumption  fell.  The  disparity  of  thiamin  in¬ 
take  of  the  two  groups  was  thus  enhanced  and  the  true  in¬ 
crease  of  the  thiamin  requirement  with  increased  food  intake  is 
somewhat  greater  than  that  indicated  by  the  comparative  times 
of  onset  of  symptoms. 

Braddon  and  Cooper  (3)  fed  six  chickens  on  30  grams  (1/20 
of  the  body  weight)  daily  of  paddy  (whole  rice  retaining  the 
hulls  as  well  as  bran).  These  remained  healthy  for  45  days.  Six 
chickens  fed  an  equal  amount  of  paddy,  plus  90  grams  of  well- 
washed  polished  rice  daily,  exhibited  polyneuritis  in  10  to  16 
days.  In  another  similar  experiment  it  was  shown  that  22]/2 
grams  of  paddy  alone  kept  chickens  healthy  for  30  days,  but 
that  the  forced  feeding  in  addition  of  54  grams  of  washed  pol¬ 
ished  rice  produced  polyneuritis  in  20  to  30  days.  Also,  five 
chickens  were  fed  polished  rice  to  the  extent  of  1/5  of  the  body 
weight  daily  for  5  days  and  thereafter  1/20  of  the  body  weight. 
They  developed  polyneuritis  in  15  to  20  days.  When  the  feed¬ 
ing  was  continued  at  the  1/5  level  in  another  group,  polyneu¬ 
ritis  occurred  in  from  11  to  15  days. 

These  experiments,  particularly  the  latter  ones,  have  been 
questioned  by  Vedder  (4)  on  the  ground  that  the  amount  of 
food  fed  was  grossly  excessive.  Vedder  found  it  possible  to  kill 
iowls  by  feeding  them  with  such  quantities  of  brown  rice  where 
no  question  of  vitamin  deficiency  could  be  involved.  Vedder 
teedmg  other  fowls  ad  libitum  on  polished  rice,  was  able  to  note 
no  correlation  between  the  rapidity  of  onset  of  polyneuritis  and 
the  amount  of  food  consumed.  The  present  authors  have  also 
confirmed  by  experiment  the  physical  impossibility  of  feeding 
pigeons  continuously  with  as  much  as  20  grams  of  polished  rice 
daily  except  when  ample  vitamin  is  supplied.  The  crops  soon 

reBureitfted'  Z  undigested  food  which  ferments  and  is  often 
regurgitated.  Several  instances  of  burst  crops  were  encoun- 

bMnVenorted  nsnhredlblei!hat  the  amounts  of  f°°d  which  have 
Deen  reported  as  having  been  given  to  birds  in  manv  experi- 

Uined  "some  t  can  actually  hav«  been  given  and  re- 

tamed.  Some  concession  must  have  been  made  to  thp  nvor. 

-  &&  arr/rt 

were  reported  *to  h^^be^fed^aUydh-om^l^o'to'l^s'of^h*0^ 
larger  amounts  of  food  polyneuritis  ensued  more 


258 


VITAMIN  Bx  IN  MEDICINE 
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quickly  in  spite  of  Bj  supplied  by  the  yeast.  A  few  similar 
periments  with  chickens  gave  similar  results. 

Funk  (5)  forcibly  fed  pigeons  with  polished  rice  in  amounts 
of  5,  10,  and  20  grams  daily,  polyneuritis  ensuing  on  the  aver¬ 
age  in  39,  36,  and  22  days,  respectively.  Evidently  there  is  a 
significant  difference  between  the  last  two  mentioned  groups, 
but  only  a  very  doubtful  one  between  the  first  two  groups. 
Here  again  Vedder’s  criticism  seems  to  have  validity,  since  20 
grams  of  food  is  more  than  pigeons  of  ordinary  size  can  safely 
consume  over  a  long  period  of  tune,  especially  when  partially 
avitaminotic.  In  Funk’s  experiments  one  must  also  presume 
that  some  thiamin  was  present  in  the  rice  and  that  the  vitamin 
intake  rose  in  proportion  to  the  food. 

A  modified  experiment  was  performed  by  Jansen  (6).  Pi¬ 
geons  were  fed  upon  a  diet  consisting  of  90  parts  of  polished  rice 
and  10  parts  of  mungo  beans  ( Phaseolus  mungo),  receiving  12 
grams  daily  of  this  mixture.  They  survived  for  variable  periods 
ranging  from  3  to  18  weeks,  the  average  survival  being  ap¬ 
proximately  9  weeks.  Another  group  of  pigeons  receiving  24 
grams  daily  of  the  mixture  survived  from  2Vfc  to  6  weeks;  average 

4  \v00ks  • 

All  the  foregoing  experiments  involve  overfeeding  in  greater 

or  less  degree.  Pilcher  and  Sollman  (7)  found  that  even  with 
very  large  daily  supplies  of  B,  (960  milligrams  of  Harris  yeast 
vitamin  powder)  pigeons  of  260-460  grams  weight  did  not 
voluntarily  consume  more  than  15  to  17  grams  of  polished  rice 

dalpiimmer,  Rosedale,  and  Raymond  (8)  reached  the  con- 
elusion  that 

Bi  Requirement  =  Constant 
Calorie  Intake 

such  as  those  ot  Jansen  a  K  t  the  onset  of  polyneu- 

S  irfiL*  <h. •'  •  “rss 

fled  expression  of  the  relationship  as  follows. 

Bi  Requirement^  =  Constant 
(Calorie  Intake)1 

in  which  x  has  a  value  8* f ^  formu^ipS  onlyto  an 

assign  a  precise  value  to  x.  As  this  lorn 
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individual  animal  at  different  levels  of  feeding  under  highly 
artificial  conditions  ranging  from  semi-starvation  to  gross  over¬ 
feeding,  it  must  not  be  confused  with  the  natural  variation 
of  food  intake  and  of  Bx  requirement  which  results  from  varia¬ 
tion  in  size  of  individuals,  the  degree  of  their  muscular  activity, 
species  differences,  etc.  These  are  treated  in  later  chapters. 

J.  C.  Keresztesy,  in  the  authors’  laboratory  (unpublished  re¬ 
sults),  performed  some  rather  striking  experiments  which  ap¬ 
pear  to  eliminate  any  question  of  mechanical  injury  by  forced 
feeding.  They  also  have  the  advantage  of  keeping  the  food  in¬ 
take  well  within  the  range  of  normal  voluntary  consumption  by 
healthy  animals.  He  fed  twelve  pigeons  on  polished  rice  and 
oyster  shells  ad  libitum ,  together  with  1  gram  daily  of  meat 
extract  and  salt  mixture.  After  21  days’  depletion  on  this  diet 
they  were  given  in  addition  a  dose  on  alternate  days  of  8  milli¬ 
grams  of  an  activated  clay  similar  to  International  Standard 
Clay  though  about  twice  as  potent.  With  this  amount  of  clay 
the  animals  reached  a  constant  weight  level  at  about  25  per 
cent  below  normal.  As  determined  by  supplementary  experi¬ 
ments,  such  birds  are  precisely  in  balance,  that  is,  they  promptly 
decline  in  weight  and  incur  polyneuritis  if  the  dosage  is  low¬ 
ered.  It  was  now  shown  that  these  birds  likewise  promptly 
succumbed  to  polyneuritis  when  the  food  intake  was  increased 
by  forced  feeding  of  12  grams  of  rice  daily,  although  the  vitamin 
addendum  remained  unchanged.  They  recovered  again  in  those 
instances  in  which  the  clay  intake  was  increased  to  20  milli¬ 
grams  on  alternate  days.  At  this  level  of  vitamin  intake  several 
of  them  were  able  to  tolerate  12  grams  of  polished  rice  very 

well  for  weeks.  Details  of  these  experiments  are  given  in  Fig¬ 
ure  11.  & 

While  these  results  provide  convincing  evidence  that  the  B, 
requirement  is  enhanced  by  increased  food  intake,  one  cannot 
safely  estimate  the  value  of  z  in  Westenbrink’s  formula  indi¬ 
cated  above.  Indeed  there  appears  to  be  no  sufficient  reason 
for  believing  that  z  is  a  precise  constant,  even  through  the  rel- 
a  ively  narr°  ange  0f .normai  feeding,  much  less  through  the 
wide  extremes  from  semi-starvation  on  the  one  hand  to  overfeed¬ 
ing  on  the  other.  The  precise  value  of  x  has  no  great  practical  im¬ 
portance  as  the  range  of  undersupply  or  oversupply  of  food  which 
an  animal  can  long  tolerate  is  relatively  narrow.  The  theoreti 

the  fa,Ct  that  *  >  1  ^  considerable  S  it  in' 
the  BlT?a5  fi°-d°  Wlth  the  metabolism  of  food  since 

metabolt  machinery  len°y  W  a^ravated  by  overloading  the 

involvSehbWsboennh0glyh ^ly^No  “T’  exPe™entS 
on  mammals  have  Ln 
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periments  extended  to  high  fat  or  high  protein  diets  so  far  as 
the  authors  are  aware. 

Westenbrink  (9)  reported  development  of  polyneuritis  in 
pigeons  in  substantially  the  same  length  of  time  whether  each 
received  3  cc.  daily  or  9  cc.  daily  of  peanut  oil  in  addition  to 
3  grams  of  a  mixture  of  casein,  salts,  and  cod  liver  oil.  Although 
this  experiment  is  not  very  convincing  because  only  two  levels 
of  feeding  were  involved,  it  indicates  that  increasing  caloric 
intake  by  addition  of  fat  does  not  increase  the  thiamin  require¬ 
ment.  Other  phases  of  the  effect  of  fatty  diets  are  discussed  in 
the  next  chapter. 


Metabolic  Rate 

In  view  of  what  has  been  said  of  the  dependence  of  the 
thiamin  requirement  upon  the  food  intake,  it  is  not  surprising 
that  the  thiamin  requirement  also  appears  to  be  related  to  the 
metabolic  rate.  Cowgill  (10),  and  Cowgill,  Rosenberg,  and 
Rogoff  (11)  studied  the  effect  of  exercise  on  the  requirement. 
Dogs  were  maintained  on  a  vitamin  B  deficient  diet  consisting 
of  41.2  per  cent  casein,  29.4  per  cent  sucrose,  18.3  per  cent  lard, 
7.2  per  cent  butter,  2.6  per  cent  bone  ash,  and  1.3  per  cent  salt 
mixture.  The  weight  of  each  animal,  its  average  food  con¬ 
sumption,  and  the  time  required  to  develop  anorexia  were  noted 
(Table  XX).  The  dogs  were  then  restored  to  normal  by  ad¬ 
ministration  of  a  “vitamin  B”  concentrate  (Harris  yeast  pow¬ 
der)  for  some  time,  and  the  experiment  was  repeated  with  the 
modification  that  they  were  given  45  to  90  minutes  exercise  in 
a  treadmill  daily.  As  seen  in  the  table,  the  time  required  to 
develop  anorexia  was  reduced  by  one  third  to  one  half,  evidently 
as  a  result  of  the  exercise. 


TABLE  XX 

The  Effect  of  Exercise  on  the  Time  Required  for  the  Development 

of  Anorexia  in  Dogs 


Doa 

Body  Weight 
When 

Food  Intake  Daily 
When 

Duration 
of  Daily 
Exercise 

Time  on  Deficient 
Diet  Required  for 
Development  of 
Anorexia  When 

Ratio 

U. 

X 

Not 

Exercised 

Exercised 

Not 

Exercised 

Exercised 

Not 

Exercised 

X 

Exercised 

V 

c 

I 

F 

G 

D 

kg. 

7.8 

11.4 

12.0 

12.0 

13.7 

kg. 

7.8 

10.5 

12.0 

12.3 

13.8 

grams 

118 

135 

183 

180 

150 

grams 

128 

200 

193 

250 

200 

minutes 

45 

90 

45 

90 

90 

days 

21 

21 

18 

18 

24 

days 

13 

11 

10 

8 

14 

0.61 

0.52 

0.55 

0.44 

0.58 
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During  a  subsequent  period  it  was  demonstrated  that  an 
adequate  supply  of  “vitamin  B”  permitted  the  dogs  to  consume 
more  food  without  ill  effects  and  to  undergo  the  exercise  with¬ 
out  loss  of  weight. 

In  other  experiments  hyperthyroidism  was  induced  in  four 
dogs  by  the  administration  to  each  of  5  grams  of  desiccated  thy¬ 
roid  daily  while  they  were  fed  on  the  above-described  basal  diet 
with  a  liberal  “vitamin  B“  addendum.  The  food  consumption 
rose  to  about  twice  that  of  normal  dogs  of  similar  size  on  the 
same  diet.  The  addendum  was  discontinued  and  typical  ano¬ 
rexia  developed  in  an  average  of  seventeen  days,  accompanied 
by  an  appreciable  weight  loss.  In  the  absence  of  thyroid  feeding 
the  average  time  to  develop  anorexia  in  the  same  dogs  was 
thirty-two  days. 

In  experiments  with  pigeons  it  was  found  that  increased 
amounts  of  “vitamin  B”  were  required  to  maintain  appetite 
and  body  weight  when  thyroid  was  administered. 

Sure  and  Smith  (12)  find  that  rats  are  protected  to  a  con¬ 
siderable  extent  from  the  toxic  effects  of  0.03  to  0.06  mg.  of 
thyroxine  per  rat  per  day  by  ample  supplies  of  vitamin  B  com¬ 
plex.  Larger  amounts  of  thyroxine  up  to  0.5  mg.  per  day,  how¬ 
ever,  kill  the  animal  in  spite  of  liberal  supplies  of  B.  In  1937 
Sure  and  Buchanan  (13)  extended  the  study  to  pure  thiamin. 
Sixteen  groups  of  four  rats  each,  litter  mates  of  the  same  sex, 
received  graduated  daily  doses  of  0.05  to  0.2  mg.  of  thyroxine 
with  daily  doses  of  thiamin  ranging  from  1  to  160  7  while  being 
maintained  on  an  otherwise  thiamm-deficient  diet.  Judging 
from  the  comparative  gains  and  losses  in  weight  of  the  indi¬ 
viduals  given  (a)  no  addendum,  ( b )  thyroxin,  (c)  thyroxin  and 
thiamin8  (d)  thiamin,  the  authors  calculated  the  per  cent  pro¬ 
tection  against  thyroxin  afforded  by  various  doses  of  thiamin. 
Some  representative  figures  are. 


Thyroxin 
mg. 
0.05 
0.10 
0.20 
0.20 


Thiamin 

y 

3-5 

20 

80 

160 


Per  Cent 
Protection 

40-48 

42 

0 

32 


M„,  .noth.. -u™ J, ..hi* 

S'S",  afforded  G4  to  94  pee  eeat  proWteoa 

against  daily  doses  of  0.2  mg.  thyrman  the  conclu- 

sioiTthat 

quirement.  Some  fragment  y  Thus  Egan  (14)  points 

out' that  irfan  epidemFc°of  "eriberi  on  shipboard  the  stokers  were 
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affected  more  seriously  than  the  sailors  in  the  ratio  of  34  to  3. 
This  may  well  have  been  due  directly  to  the  greater  physical 
exertion  of  the  former  resulting  in  a  higher  food  consumption. 
Whether  or  not  such  higher  food  consumption  in  such  a  case 
would  result  in  a  proportionately  higher  vitamin  intake  would 
depend  on  whether  or  not  their  physical  exertion  led  them  to 
select  their  food  differently.  As  the  principal  high  caloric  ele¬ 
ment  of  the  ration  was  rice,  the  hard-working  men  might  well 
be  led  to  eat  relatively  more  of  this  more  deficient  component 
of  the  diet. 

Clearly,  if  there  is  a  relationship  between  food  consumption 
and  thiamin  requirement,  it  should  be  reflected  in  the  history 
of  beriberi  and  in  the  character  of  the  food  intake  associated 
with  outbreaks  of  the  disease.  These  and  related  matters  are 
discussed  at  some  length  in  Chapter  VII. 

In  the  literature  of  beriberi  epidemics  in  Japan,  Burma, 
Siam,  and  elsewhere  a  great  preponderance  of  beriberi  in  males 
is  noted.  This  may  be  due  to  a  considerable  degree  to  the  higher 
metabolic  rate  of  males  and  especially  to  the  harder  physical 
work  to  which  men  are  customarily  subjected.  It  is  doubtless 
partly  due  to  the  fact  that  many  of  these  epidemics  have  been 
associated  with  labor  camps,  military  organizations,  jails,  etc., 
where  men  predominate  and  where  restriction  to  a  systematic 
ration  occurs  to  an  extent  that  is  not  the  case  in  individually 
managed  homes.  However,  the  predominance  of  males  among 
benberics  is  distinctly  contrary  to  the  author’s  own  experience 
in  Manila.  There,  over  a  period  of  several  years  of  experimenta¬ 
tion  with  human  beriberi  (15),  by  far  the  most  abundant  cases 
were  those  of  mothers  and  nursing  infants.  Possibly  this  is  due 
to  relatively  less  arduous  physical  exertion  of  males  among  urban 
Malays  in  the  tropics  than  is  the  case  with  other  Oriental  peo- 
ples  in  general ;  possibly  a  lesser  proportion  of  the  milder  forms 

Oriental6 1» Tf'"? udf.d  in  rePorts  of  epidemics  from  other 
lands,  and  if  attention  were  confined  to  severe  beriberi 

been  “brerveT^Thp1 "l ^^w?en*he  sexefs  in  Manila  would  have 
oeen  observed  The  high  incidence  of  mild  beriberi  amono- 

women  of  childbearing  age  in  Manila  was  very  striking  It 

furnishes  further  evidence  that  the  metabolic  rate  is  ofTmnor 

ssag  tSa&s 

t»»  U  This  1<WT„  lb, S'.itotoC.'a 
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growth  or  decreased  playful  activity  and  only  ultimately  in  loss 
of  flesh.  The  adult  has  no  growth  impulse  to  be  sacrificed,  con¬ 
tinued  activity  is  forced  by  economic  necessity,  and  as  loss  of 
flesh  necessarily  follows  lowered  food  intake,  the  urge  to  eat 
drives  the  victim  on  toward  beriberi.  In  the  child  the  deficiency 
presumably  first  stunts  the  growth  as  it  does  in  young  rats,  the 
the  beriberic  condition  developing  much  later. 

In  fevers  the  metabolism  rises  (17),  and  it  seems  not  un¬ 
likely  that  the  extensive  association  of  beriberi  with  malaria  and 
tropical  fevers  (18)  is  due  to  this  cause.  Particularly  in  Brazil 
there  has  been  a  marked  reluctance  to  accept  the  vitamin  hy¬ 
pothesis  of  the  etiology  of  beriberi  and  to  prefer  to  ascribe  to  it  an 
infectious  cause  because  of  the  association  of  the  disease  with 
fevers  (see  Chapter  II). 


Summary 

The  absolute  amount  of  thiamin  required  by  an  individual 
under  ordinary  circumstances  rises  in  proportion  to  the  food  (or 
carbohydrate)  metabolized. 

When,  however,  the  metabolic  machinery  is  strained,  as  in 
the  case  of  forcible  feeding,  above  the  demands  of  the  appetite, 
the  quantity  of  vitamin  required  per  calorie  of  food  shows  a 

distinct  tendency  to  rise.  .  .  . 

A  similar  rise  in  quantity  of  vitamin  required  per  calorie  ot 
food  is  induced  by  exercise,  by  hyperthyroidism,  or  by  the  phys¬ 
iological  strain  of  gestation  and  lactation.  .  .  , 

A  metabolic  function  of  the  vitamin  is  clearly  indicated. 
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CHAPTER  XXI 

THIAMIN  REQUIREMENT  IN  RELATION  TO  PRO¬ 
PORTION  OF  CARBOHYDRATE,  FAT,  AND 

PROTEIN 


In  the  previous  chapter  we  have  considered  the  thiamin  re¬ 
quirement  in  relation  to  the  total  food  intake.  The  reader  per¬ 
haps  noted  that  most  of  the  experimental  diets  used  in  such 
studies  were  high  in  starch  or  sugar.  A  qualification  of  the  con¬ 
clusion  as  to  the  effect  of  the  total  food  intake  on  the  thiamin 
requirement  is,  therefore,  necessary.  There  is  indeed  positive 
evidence  that  the  major  constituents  of  foodstuffs  are  not  equiv¬ 
alent  to  one  another  in  their  effect  upon  the  thiamin  require¬ 
ment.  Carbohydrate  hastens  the  onset  of  polyneuritis  in  ani¬ 
mals  fed  on  a  diet  of  low  vitamin  Bx  content;  fat  has  a  retarding 
influence;  protein  has  a  less  pronounced  effect  in  either  direc¬ 
tion.  We  shall  now  scan  the  evidence  in  support  of  these  theses. 

This  topic  has  attracted  attention  almost  from  the  beginning 
of  vitamin  history.  In  a  very  early  experiment  Funk  (1)  fed 
four  groups  of  eight  pigeons  each,  on  12 V2  grams  daily  per  bird, 
using  four  diets  as  follows:  Diet  A  contained  60  per  cent  of 
casein,  diet  B  60  per  cent  of  fat,  diet  C  60  per  cent  of  starch,  and 
diet  D  60  per  cent  of  sugar.  The  diets  were  otherwise  as  similar 
as  possible.  Polyneuritis  occurred  in  an  average  of  40  days  on 
the  high-fat  diet  and  in  24  to  30  days  on  the  three  other  diets, 
the  difference  among  the  latter  three  being  hardly  sufficient  to 
be  certainly  significant.  However,  of  these  the  most  rapid  on¬ 
set  averaging  24  days,  occurred  with  the  high-starch  diet. 

So!n  Simonet,  and  Lecoq  have  jointly  and  severally 
published  a  large  number  of  experiments  in  which  pigeons  or 
rats  were  fed  upon  diets  varying  with  respect  to  j  °f 

protein,  fat,  and  carbohydrate.  These  papers  are  largely  un¬ 
satisfactory,  since  detailed  data  often  are  no  given,  ™ 
number  of  animals  used  for  each  experiment  is  ana 1,  and since 
there  is  often  a  serious  question  with  regard  to  the  freed° 
from  thiamin  of  various  dietary  °neT£  ^gi 

periments  (2)  deserves  more  detailed  mention,  ihe  e 

results  follow: 
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Diet  I  Diet  II  Diet  III  Diet  IV 


Peptone  .  16%  24%  82%  59% 

Butter  .  4%  8%  4%  8% 

Lard  .  —  18%  —  18% 

Sugar  .  66%  35%  —  — 

Salts  .  4%  5%  4%  5% 

Agar-agar  .  8%  8%  8%  8% 

Filterpaper  .  2%  2%  2%  2% 


Days  survival  _  16-25  20-30  20-25  60-90 


In  this  case  it  seems  to  be  clear  that  the  longer  survival  of 
pigeons  on  diet  IV  must  be  due  in  part  to  the  proportions  of  the 
diet  and  not  wholly  to  the  Bx  content  of  any  component,  since 
each  of  the  principal  components  occurs  in  at  least  one  of  the 
other  diets  in  equal  or  larger  amount.  In  the  light  of  other 
supporting  evidence,  such  as  that  of  Evans  and  Lepkovsky,  which 
we  shall  presently  discuss,  it  is  safe  to  attribute  these  results 
at  least  in  part  to  lard.  It  is  of  interest,  however,  to  note  that 
lard  had  little  protective  action  in  diet  II,  where  it  was  accom¬ 
panied  by  a  substantial  amount  of  sugar.  Qualitatively  this 
confirms  other  evidence  of  the  adverse  effect  of  carbohydrates 
as  well  as  of  the  benefits  of  fat.  Only  when  the  proportions  of 
the  several  components  were  most  favorable,  as  in  diet  IV,  did 
extended  survival  occur.  Probably  traces  of  thiamin  were  pres¬ 
ent  in  some  of  the  components,  notably  peptone. 

More  substantial  and  consistent  evidence  on  the  effect  of 
bit  began  to  accumulate  with  the  work  of  Evans  and  Lepkovsky. 
These  authors  (3)  showed  that  more  thiamin  is  required  for 
growth  of  rats  on  a  diet  of  sucrose  and  casein  than  is  the  case 
when  a  portion  of  the  sucrose  is  replaced  by  fat.  In  the  presence 
ot  50  per  cent  of  fat,  animals  were  found  to  live  on  a  supposedlv 
thiamin-free  diet  at  least  six  months  without  signs  of  beriberi 
It  is  very  probable,  however,  that  small  amounts  of  thiamin 
were  supplied  by  the  autoclaved  yeast  used  as  a  supplement  to 
supply  thermostable  B  factors.  These  authors  also  noted  that 
animals  partially  depleted  of  thiamin  showed  a  reduced  toler- 

typical  diets  (4)  USed  * 
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High-carbohydrate  diets  542,  550,  563,  and  564,  used  without 
supplement,  gave  substantially  equal  but  somewhat  meager 
growth.  High-fat,  low-carbohydrate  diets  559,  571,  and  572  gave 
better  growth  under  these  circumstances.  When  each  of  the 
diets  was  supplemented  daily  by  50  milligrams  of  brewers’  yeast 
to  supply  a  small  intake  of  thiamin,  diet  542  gave  appreciably 
less  growth  than  550,  563,  or  564,  which  contain  some  fat,  and 
these  in  turn  gave  less  growth  than  the  carbohydrate-free  high- 
fat  diets  559,  571,  and  572.  When  200  milligrams  of  yeast  were 
supplied  per  day,  diet  542  still  gave  less  growth  than  563  or  564, 
but  these  two  were  no  longer  surpassed  by  571  and  572.  When 
800  milligrams  of  yeast  were  given,  the  differences  in  perform¬ 
ance  among  the  several  diets  were  smaller.  In  other  words,  ac¬ 
cording  to  this  work  the  superiority  of  high-fat  diets  is  most 
marked  when  the  thiamin  supply  is  moderately  low;  when  the 
thiamin  supply  is  liberal,  the  advantage  of  fats  disappears.  In 
the  complete  absence  of  thiamin,  survival  cannot  occur  even  on 
high-fat  diets,  according  to  the  weight  of  evidence  that  has 
accumulated  in  recent  years.  The  present  author. 
the  autoclaved  yeast  in  Evans  and  Lepkovsky  s  diets  supplie 
small  amount  of  B,  in  addition  to  that  furnished  intentionally 
bv  the  raw  yeast  addendum  (5).  Comparative  experiments  in¬ 
dicated  that  increased  fat  in  the  diet  did  not  have  any  s.11™1* 
influence  upon  the  amount  of  thermostable  B  factors  required,  a 
conclusion^  that was  further  confirmed  by  later  work  (6).  It  was 

f  °  noted  that  de fatswere  less 

ofter  workers  This  form'of  carbohydrate  is  most  prone  to  in¬ 
duce  rapid  onset  of  polyneuritis.  resulted  in  the 

_  •  U  acii  f  llffl 


Palmitin 

Myristin 

Stearin 
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Negative 
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T  anrin  Positive 

CaprvHn  Excellent 

Ethyl  palmitate  Positive 

Ethyl  stearate  Negative 


The  above  comparisons  refer*  e* Te™ej>ts  in  which  thiamin 

was  completely  absent,  f  yeast,  were  added,  the 

autoclaved  yeast.  and  the  relative  rank 

fatty  diets  gave  much-improved  8™^^  altered.  With  one 

ecual^o^e 

Th^ad  verse  effect^of6 high -melting  fat  such  as  stearate  appeared 
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to  be  due  to  faulty  absorption,  as  much  fat  was  again  found  in 
the  feces.  In  this  entire  later  set  of  experiments  the  fats  which 
were  used  were  resynthesized  from  purified  isolated  fatty  acids, 
thus  excluding  any  possibility  of  retention  of  traces  of  thiamin 
in  the  fats.  The  evidence  of  the  superiority  of  certain  glycerides 
over  others  is  especially  interesting.  These  authors  showed  (8) 
that  administration  of  fat  intraperitoneally  was  also  effective  in 
reducing  the  thiamin  requirement.  It  was  also  noted  that  mixed 
glycerides  of  oleic  and  stearic  acids  were  superior  in  growth- 
promoting  action  to  the  glyceride  of  either  acid  separately. 

Evans,  Lepkovsky,  and  Murphy  (9)  observed  that  the 
optimum  thiamin-sparing  action  of  fats  is  not  attained  unless 
the  protein  content  and  thermostable  B  factor  supply  in  the  diet 
are  both  high.  They  also  extended  the  earlier  observations  as  to 
the  relative  merits  of  a  large  number  of  natural  oils  and  fats, 
including  certain  hydrogenated  products. 

The  work  of  others,  which  was  carried  out  partly  during  the 
course  of  Evans  and  Lepkovsky’s  studies,  also  added  weight  to 
the  view  that  fats  have  a  beneficial  influence.  We  will  first  review 
the  more  important  papers  that  are  favorable  to  this  view  and 
later  take  up  the  smaller  number  which  point  in  a  somewhat  dif¬ 
ferent  direction.  B.  Janowskaja  (10),  using  carefully  purified 
muscle  protein,  fibrin  and  ovalbumin,  dextrine,  rice  starch,  sugar, 
and  sunflower  seed  oil,  investigated  the  effect  of  varying  the  com¬ 
ponents  in  the  diet  of  pigeons.  With  high-carbohydrate  diets  at 
an  intake  of  10  to  15  grams  daily  the  birds  succumbed  in  13  to 
28  days.  With  a  high-protein,  high-fat,  carbohydrate-free  diet, 
there  was  survival  from  30  to  39  days  on  10  grams  of  the  ration 
daily  and  lor  a  more  variable  and  somewhat  longer  period  of  time 
on  a  raiion  of  15  grams  daily  Guha  (11)  found  a  reduction  of 

™  reflUIfemel;t  by  inclusion  of  lard  in  the  diet  but  noted 

no  effect  of  palm  kernel  or  olive  oil. 

on  9°on^rfat‘0n  of  *e  more  general  aspects  of  these  researches 
on  the  vitamin-sparmg  action  of  fats  is  also  found  in  the  ex 

=si»:  Sirsre  &&& 

=ss§ 

confirmatory  results  Thp  fnlln  *  +0u^man  (14),  with  strongly 
natural  fats'is  taken  W  the^er :  regarding  the  effect 
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TABLE  XXI 

Average  Gain  in  Weight  and  Time  to  Onset  of  Beriberi  in  Rats  Receiving 
Vitamin  B  Deficient  Diet  Containing  Various  Fats  at  a  Level  of  40  Per 
Cent  * 


Kind  of  Fat 

Number 
of  Rats 

Average 
Total  Gain 

Beriberi 

Incidence 

Average  Time 
to  Onset 

Myristin  30  1 

6 

gm. 

47 

% 

o 

days 

-t 

60 

Hard  lard  10  J 

Coconut . 

6 

28 

83 

Cottonseed . 

11 

6 

100 

51 

Pecan  . 

6 

9 

100 

46 

Hydrogenated  cottonseed  .  . 

24 

12 

95 

40 

Linseed . 

8 

5 

100 

40 

Hard  lard . 

18 

20 

83 

40 

Soft  lard . 

6 

17 

100 

37 

Hard  lardJ30  1 

6 

17 

100 

37 

Myristin  10  / 

11 

5 

100 

35 

Olive . 

6 

14 

100 

35 

Butter . 

7 

21 

100 

34 

*  Each  rat  received  250  mg.  autoclaved  yeast  and  0.10  ml.  cod  liver  oil  per  day. 
t  No  beriberi  at  end  of  102  days. 


In  these  experiments  40  per  cent  fat  was  used  in  a  diet  other¬ 
wise  composed  as  follows:  Casein  22.0,  salts  5.7,  agar  1.0,  sucrose 
28  8  per  cent.  This  was  supplemented  by  250  mg.  autoclaved 
veast  and  0.10  cc.  cod  liver  oil  per  rat  daily.  It  is  of  interest  from 
a  dietetic  standpoint  that  olive  oil,  butter  and  beef  fat  were  not 
very  effective  in  retarding  the  onset  of  beriberi.  Coconut,  cotton¬ 
seed  and  pecan  oils,  in  the  order  named,  were  the  most  effective 
of  the  natural  fats  in  producing  growth  and  in  delaying  the  onset 
of  beriberi  as  well.  Lard  was  inferior  to  these  in  delaying  beriberi, 
hut  was  relatively  good  in  promoting  growth,  as  was  also  the  case 
wkh  better  The  data  of  this  paper  have  been  of grea  value  m 
appraising  human  diets  (Chapters  VII  and  \  III).  It  is  clear 
however  that  no  simple  expedient  will  provide  an  accurate  gauge 
of  the  effect  of  fats  in  a  mixed  human  diet.  This  is  brought  out 
bv  the  marked  contrast  in  the  effects  of  myristin  and  hard  lard 
in  the  proportions  of  3  to  1  and  1  to  3  respectively.  The  effect 
X  wh  fat  however,  almost  certainly  accounts  for  the  proved 
adequacyo'f  the  diet  of  the  Eskimo  from  the  standpoint  of  its 

‘^Tn^xtonded  series  of  synthetic  esters  was  also  studied  with 
An  extenc^,sf"  npra|  with  those  of  Evans  and  Lepkovsky. 
results  consistent  in  gene  n  salts  4.0,  agar  1.0,  fatty 

The  diet  used  was  as  follows.  Casen  >  This  was  sup. 

acid  as  e  2 Iso  mg^r  500  mg.  autoclaved  yeast  and  0.1  cc. 

cod'hver  oil  and  0.2  cc.  linseed  oil  per  rat  per  day. 
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TABLE  XXII 

Average  Gain  in  Weight  and  Time  to  Onset  of  Beriberi  in  Rats  Receiving 
Vitamin  B  Deficient  Diets  1  Containing  Various  Glyceryl  and  Ethyl 
Esters 


Diet 


Series  A 2 
G.  caprylate  . 
G.  caprylate  . 
G.  caprylate  . 
G.  caprylate  . 
G.  caproate  . 
G.  iso-caproate 
Et.  caproate  . 
G.  heptoate  . 
G.  laurate 
G.  myristate 
G.  ncny late  . 
G.  undecylate 
Et.  oleate 
G.  propionate 
G.  lactate 
G.  oleate  .  . 
G.  caproate  . 
G.  valerate  . 
Low-fat  diet . 
Coconut  .  . 
Et.  palmitate 
G.  acetate 
G.  palmitate 
G.  stearate  . 
G.  butyrate  . 

Series  B  3 
G.  caprylate  . 
Low-fat  diet . 


Acid 

Equiva¬ 

lent 


% 

55 

36 

23 

5 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

23 

5 

23 

23 

23 

23 

23 

23 

23 


Number 
of  Rats 


4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

18 

8 

4 

4 

4 

4 

4 

4 

14 


Average 
Gain,  6 
Weeks4 


gm. 

57 

51 

57 

47 

46 

46 

42 

38 

31 

28 

23 

20 

23 
19 
17 
15 
12 
17 

7 
13 
0 

24 
0  8 
0  8 
0  8 

10 
0  8 


Average  Gain 
12  Weeks4 


gm. 

Discontinued 

Discontinued 
101 
75 
72 

Discontinued 
64 
64 
63 
47 
42 
40 
34 
33 
27 
25 
32 
17 
Died 
Died 
Died 
Died 
Died 
Died 
Died 

11 
Died 


Beriberi 

Inci¬ 

dence 


% 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

77 

62 

75 

100 

100 

100 


25 

100 


Average 
Time  to 
Onset  4 


days 


43 
40 
38 
32 
30 
17 
20  9 

63 

25 


Ester 

Re¬ 

tained 


% 

99.2 

98.4 

99.0 

98.7 

98.0 

97.4 

96.3 

98.4 

98.8 

96.9 

98.9 

94.6 

97.4 

98.7 

93.5 

97.6 

92.6 
99.0 

91.5 
74.4 

97.6 


|  Each  ffi  fflSS  Ar°ec P*  <*ay. 

•tSSSESgssaaass* 

mynstrLnTkt^undSXte  nron?^6’ , hept0ate-  laurate’ 

valerate,  also  ethyl  caproate  ancfoWe^6’  act?*e>  oleate  and 

completely  the  occurrence  of  beriberi  when  wTmf  j  o0  pfevent 
claved  yeast  were  given  each  rat  The  «;  •  auto- 

appears  to  depend  on  the  length  of  the  effi^lency  ?f  fatty  acids 
eight  atoms  representing  theS apDroxbn?“  .chaln>  a  ehain  of 
acetate,  palmitate,  and  stearate  were  not  effe cti™™'  GlyCeryl 
beriberi  under  precisely  the  same  conditions  t  view  oTthffi 
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one  cannot  ascribe  the  protection  wholly  to  residual  vitamin  Bt 
in  the  autoclaved  yeast,  although  the  authors  of  the  paper  believe 
that  significant  traces  of  thiamin  were  present  in  it.  Striking 
cures  of  polyneuritis  in  rats  were  obtained  by  feeding  a  diet  con¬ 
taining  23  per  cent  of  synthetic  glyceryl  caprylate  or  caproate. 
The  authors  do  not  believe  a  high  intake  of  protein  or  of  thermo¬ 
stable  B  factors  is  a  requisite  to  securing  the  thiamin-sparing 
action  of  fats,  although  a  high  intake  of  autoclaved  yeast  makes 
the  benefits  of  fats  more  conspicuous.  Fats  do  not  completely 
obviate  the  necessity  for  Blf  but  ample  Bx  obliterates  the  ad¬ 
vantage  of  the  fats. 

While  these  results  leave  no  doubt  in  our  minds  as  to  the 
genuineness  of  the  beneficial  action  of  fats,  we  need  not  subscribe 
to  the  idea  that  fats  are  effective  because  they  conserve  the  store 
of  thiamin  in  the  body.  Indeed  the  cure  of  polyneuritis  by  the 
aid  of  fats  indicates  clearly  that  such  is  not  the  case.  This  meets 
the  principal  objection  of  those  who  have  hesitated  to  accept 
the  particular  interpretation  which  Evans  and  Lepkovsky  have 
given  to  their  results,  namely,  that  fats  delay  the  depletion  of 
thiamin  in  the  tissues  and  are  effective  for  that  reason  (15).  This 
view  is  shared  by  Guerrant  and  Dutcher  (16).  Gregory  and 
Drummond  (17)  obtained  results  which  have  been  cited  in  op¬ 
position  to  the  idea  that  fats  are  beneficial,  but  a  careful  reading 
of  the  paper  does  not  justify  this  construction.  Improvement  in 
growth  was  noted  in  rats  on  diets  low  in  thiamin,  but  the  authors 
argued  that  the  action  of  fats  is  not  truly  a  thiamin-sparing 
action,  since  fats  afford  no  benefit  if  thiamin  is  entirely  absent. 
This  is  really  in  good  accord  with  the  experimental  results  ot 
others.  The  difference  lies  only  in  the  interpretation. 

To  settle  the  question  of  interpretation,  Kemmerer  and  bteen- 
bock  (18)  assayed  the  tissues  of  rats,  chickens,  and  swine  fed  on 
rations  deficient  in  thiamin  and  high  and  low  in  fat  respectively, 
and  compared  them  as  to  thiamin  content  with  those  of  norma 
animals.  They  found  that  the  thiamin  content  of  the  tissues  of 
animals  fed  on  the  various  rations  depended  on  the  thiamin  con- 
teTof  the  rations  and  not  on  the  fat  content.  The  tissues  of  the 
animals  fed  on  the  low-thiamin  diets  were  low  regardless  of 
whether  the  fat  content  was  high  or  low.  However,  in  accordance 
with  the  work  of  various  others  above  cited  there  was  less  weight 
loss  on  high-fat  diets  than  on  low  ones  when  the  thiamin  supply 
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poisoning.  He  also  argues  that  the  beneficial  action  of  fat  is  not 
a  vitamin-sparing  one  on  the  ground  that  depletion  of  thiamin 
content  of  tissues  takes  place  long  before  the  symptoms  appear. 

Evans  and  Lepkovsky  (15)  disagree  with  the  findings 
(Kemmerer  and  Steenbock)  as  applied  to  young  rats.  They 
assayed  the  tissues  of  young  rats  fed  for  forty  days  on  a  low- 
thiamin  diet,  high  in  fat  in  one  case,  low  in  another.  It  was  found 
that  the  tissues  of  the  rats  on  the  high  and  low  fat  diets  were 
much  alike  in  thiamin  content,  weight  for  weight,  except  in  the 
case  of  the  liver.  In  that  instance  the  thiamin  content  was  higher 
in  the  animals  fed  on  the  high-fat  diet.  But  as  the  bodies  of  the 


animals  grown  on  the  high-fat  diet  were  twice  as  heavy  as  those 
on  the  low-fat  diet,  the  total  thiamin  content  of  their  bodies 
must  have  been  substantially  greater.  This  view  is  supported  by 
details  of  comparative  weight  of  musculature,  livers,  and  brains 
and  the  thiamin  assays  of  each.  As  the  rats  whose  tissues  were 
assayed  received  equal  amounts  of  thiamin  daily  in  the  form  of 
an  extract  of  rice  bran,  regardless  of  whether  the  diet  contained 
little  or  much  fat  and  regardless  of  how  much  food  they  ate,  it 
appears  that  the  high-fat  animals  conserved  their  supply  of 
thiamin  better.  This  is  not,  however,  quite  as  conclusive  as  it 

Twu  u •  u  e  ^issues  high-fat  animals  contained  more 

tat,  the  higher  fat  content,  ceteris  paribus,  would  be  reflected  in 
better  growth  of  the  animals  used  for  testing  the  thiamin  con¬ 
tent  of  the  tissues  and  would  accordingly  tend  to  result  in  too 
high  values  for  thiamin  content.  Evans  and  Lepkovsky  how- 

rZitare  dliP0Sfd  *?  account  for  the  contrast  in  the  two  sets  of 
results  as  due  to  the  use  of  adult  animals  by  Kemmerer  and 

theI*!ua“1“  supply  being  in  their  view  insufficient  for 
adults  even  on  high-fat  diets,  although  sufficient  for  the  young 

The  relation  of  fat  to  the  phenomenon  of  thiamin  synthesis 

Churchg(20rr‘ThStlnfa  ‘TtV has  been  stud'ed  by  Whipple  and 
deficient  hkh  *oundt*at  *•.  *eces  of  rats  on  a  thiamin- 

moved  rom  the  dtf  ^  -thlrm'  When  the  fat  was  re- 
Thp  0  J  n  dlet’  th?  thlamin  disappeared  from  the  feces 

a  diet  containing  sucrose! 

content  of  the  feces  was  noted  T,  .'sucr0Re  ”n!y  a  small  thiamin 

in  the  starch  Fat  wIs  found  toTel  e  waf  attributed  to  a  little  fat 

in  rats  which  had  developed  the  diset?  he  T"prtoras  of  beriberi 

not  adequate  to  P^Thlmfndefiffitefy"  ‘  ^  diet  but  wa* 

takes  place^rindpaUv^n  ufe ' ^  030  syathesize  thiamin.  This 
Tomey  (21)P)  Xn  s?h  *  (Guerrant’  Dutcher,  and 

colony,  they  spread  widely  through?,?6  e?abllshed  in  a  rat 
casioned  much  trouble  in  vitamin  B  coPfophagy  and  have  oc- 

may  well  have  added  serious  difficulfes^^he^rXajffin  “ 
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Whipple  and  Church’s  results  on  the  thiamin-sparing  action  of 
fat.  However,  there  is  much  reason  to  doubt  that  this  explana¬ 
tion  will  hold  for  the  experiments  of  others,  for  example,  those 
of  Evans  and  Lepkovsky  and  of  Salmon  and  Goodman.  These 
authors  were  quite  aware  of  the  phenomenon  of  refection  and 
gave  it  careful  consideration.  Refection  is  usually  rather  easily 
recognized  by  the  large,  light-colored  feces  which  result  from  it. 
Guerrant,  Dutcher,  and  Brown  (22)  have  studied  the  phe¬ 
nomenon  reported  by  Whipple  and  Church  and  conclude  that 
high  fat  in  the  form  of  cottonseed  oil  does  not  favor  synthesis  in 
the  intestines.  A  similar  conclusion  has  been  reached  by  Kelly 
and  Parsons  (23)  as  to  the  unimportance  of  fat  as  a  factor  in 


refection. 

A  few  investigators  have  failed  to  substantiate  the  beneficial 
effects  of  fats.  Yonechi  (24)  was  unable  to  perceive  any  favor¬ 
able  effect  of  added  cottonseed  oil  as  a  supplement  to  a  polished 
rice  diet  for  pigeons,  judging  either  from  weight  loss  or  the  time 
of  onset  of  polyneuritis.  In  rats  also,  beneficial  effects  on  growth 
and  occurrence  of  beriberi  were  almost  entirely  absent.  Yonechi 
concluded  that  fats  and  oils  hasten  the  onset  of  polyneuritis,  the 
more  so  the  greater  the  vitamin  A  content  of  the  diet.  A  large 
number  of  variables  was  introduced  in  the  experiments,  and  the 
prosecution  of  the  investigation  does  not  appear  very  systematic. 
The  most  probable  explanation  in  the  case  of  the  rat  experiments 
is  that  the  supply  of  autoclaved  yeast  was  quite  low.  Sure  and 
Buchanan  (25)  found  no  thiamin-sparing  action  of  high-fat  diets 
even  if  vitamin  B2  and  protein  are  present  in  excess.  This  find¬ 
ing  which  appears  to  be  at  variance  with  those  of  Evans  and 
Lepkovsky,  has  not  been  supported  as  yet  with  sufficiently  de¬ 
tailed  data  to  permit  a  final  judgment.  E.  W.  McHenry  (private 
communication)  has  called  attention  to  the  fact  that  most  of 
the  diets  used  in  the  various  experiments  on  the  thiamin-sparing 
action  of  fats  have  involved  autoclaved  yeast,  an  addendum  whic 
supplies  liberal  amounts  of  choline.  McHenry  considers  the 
presence  of  choline  essential  to  the  sparing  action  (26).  It  is 
noteworthy  that  the  diet  which  is  described  in  detail  in  he  above- 
cited  paper  of  Sure  and  Buchanan  makes  use  of  autoclaved  beef 
rather  than  autoclaved  yeast.  Reference  is  made,  however  in 
the  same  paper  to  other  experiments  which  are  not  reported  in 
detail  which  involved  diets  containing,  m  certain  cases,  un- 
specified  amounts  of  yeast,  or  yeast  products  and  jhich  likewi^ 
were  said  to  reveal  no  sparing  action  of  fat.  the  cited  expe 
we  ,  r  vnnpchi  also  lend  color  to  McHenry  s  view,  as  the 
choline  supply  must  have  been  relatively  low  m  Yonechi’s  diets. 
We  are  inclined  to  believe  that  McHenry  s  explanation  is  correct 

in  McHenr? also  expresses  a  doubt  whether  the  sparing  action 
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of  fats  in  birds  is  genuine  because  they  have  a  much  lesser 
capacity  for  absorbing  fats  than  do  most  mammals.  The  various 
reports  of  cure  of  polyneuritis  in  pigeons  by  administration  of 
fats  would  indicate  that  they  can  absorb  significant  quantities  of 
fat.  On  the  other  hand,  pigeons  are  notoriously  subject  to 
spontaneous  or  anomalous  cures  of  polyneuritis  (see  page  208) 
and  it  seems  best  to  reserve  final  judgment  on  this  matter. 

It  will  be  well  to  call  the  reader’s  attention  at  this  point  to  the 
fact  that  small  amounts  of  certain  unsaturated  fatty  acids  con¬ 
taining  more  than  one  double  bond  are  now  regarded  as  one  of 
the  essentials  for  proper  nutrition  of  higher  animals  (Evans  and 
Lepkovsky  (27,  28)).  The  required  amounts  are  very  minute,  so 
that  this  need  can  be  distinguished  readily  from  the  influence 
of  fats  on  thiamin  requirement. 

Approaching  the  matter  of  the  proportion  of  the  components 
of  the  diet  from  a  wholly  different  viewpoint,  Abderhalden  and 
Wertheimer  (29)  noted  that  at  the  onset  of  paralytic  symptoms 
in  pigeons  there  was  uniformly  an  increase  of  liver  glycogen 
above  normal.  Administration  of  Bx  not  only  dissipated  the 
neuritic  symptoms  but  also  decreased  the  glycogen.  The  ap¬ 
pearance  of  high  glycogen  occurred  in  avitaminosis  even  when 
there  was  no  carbohydrate  in  the  diet  but  was  limited  to  those 
cases  in  which  typical  paralytic  symptoms  appeared.  Mere  in¬ 
anition  results  in  low  liver  glycogen.  Indeed  the  paralytic  symp¬ 
toms  appear  to  be  thought  of  as  due  in  a  sense  to  high  liver 
g  ycogen  and  consequent  liability  of  spillage  of  sugar  into  the 
blood.  On  diets  consisting  of  3  parts  casein  and  7  parts  olive  oil 
polyneuritis  occurred  regularly  and  the  glycogen  contents  of  the 

nTfiSJrTe  rgh'  ^ven  with  diets  containing  only  1  part  casein 
it  i  n  P  *  °, lve  01  occaslonal  polyneuritis  occurred,  and  when 

It  inT„rS°  assT°tclated  Wlth  hi8h  glycogen,  e.g.,  2.8-3.0  per 
cent  .n  the  liver.  If  yeast  was  added  to  these  casein-fat  diets 

polyneuritis,  of  course,  did  not  occur  and  it  was  also  found  that 

in  theTver"  'Iv  conf^  ^Pt  T™1  leVels’  eg"  077  Per  cent 
if*  ,  er-  By  contrast,  on  a  diet  without  yeast  containing 

wa?e™  CaSfm  5  PartS  fatty  acid’  63  Per  cent  of  liver  glycogen 

were  fo^nd  to^ek^or”1,6"^  °f  Polyneuritis-  High-fa^  dfets 

Polyneuritis  butdiniyP'nr^Ssiw3,sUt1e  S’"”.”"?  P^fed 
was  not  remedied  bv  vpncit  sta*e  exhaustion  which 

two  cases  of  polyneuritis  out  of  fifteenXrdTdue^hi °th  pr°d^ced 
opinion,  to  the  metabolism  of  the  glycerineof 5  au^ors 
which  escaped  polvneuritk  shnwori  1  emile  °*  ^at*  Those 
of  the  two  polvneur^ir  b  rdl  h  d  ow  glycogen  values.  One 

cent  glycogen  in  the  liver 
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0.62  per  cent.  These  authors  emphasize  that  there  is  no  relation 
between  weight  loss  and  the  incidence  of  polyneuritis;  attacks 
may  occur  when  the  weight  curve  is  rising.  They  believe  that 
fats  do  not  replace  or  spare  vitamin  but  only  tend  to  prevent  the 
appearance  of  symptoms  by  displacing  carbohydrate  in  the  diet 
or  by  repressing  the  formation  of  carbohydrate  from  protein  in 
the  body  by  lessening  the  protein  intake.  The  work  of  these 
authors,  however,  is  not  altogether  convincing,  as  the  diets  were 
extremely  artificial  and  highly  deficient  in  many  ways.  Also  the 
individual  variations  of  the  animals  were  large  and  the  authors 
exercised  free  judgment  in  classifying  the  birds  according  to  the 
symptoms  exhibited.  Much  depends  on  the  accuracy  of  their 
observations  and  judgments  as  to  the  relative  predominance  of 
inanition  and  polyneuritis  in  particular  cases — judgments  which 
the  reader  has  little  opportunity  to  verify. 

However,  the  viewpoint  of  Abderhalden  and  Wertheimer  is 
logical,  as  it  is  well  known  that  proteins  function  in  lieu  of  carbo¬ 
hydrates  in  metabolism  when  the  supply  of  the  latter  in  the  diet 
is  low.  Their  view  is  strikingly  borne  out  in  the  analysis  of  human 
diets  which  has  been  presented  in  Chapters  VII  and  VIII.  For 
such  diets,  taken  as  a  whole,  the  thiamin-non-fat-calorie  ratio 
was  found  to  be  a  much  better  index  of  adequacy  than  the 
thiamin-carbohydrate  ratio  or  the  thiamin-total-calone  ratio. 

We  will  now  do  well  to  examine  other  evidence  as  to  thiamin 
requirement  in  relation  to  protein  intake.  Funk  and  Collazo  (30) 
brought  pigeons  into  Bx  balance  on  a  diet  containing  12%  per¬ 
cent  of  protein.  Then  upon  transferring  them  to  a  diet  of  25,  50, 
or  75  per  cent  protein,  weight  gains  occurred  more  or  less  pro- 
portionately  to  the  protein  Decline  occurred when  the  p rotem 
was  decreased  and  the  carbohydrate  increased.  The  validity  ot 
such  results  of  course,  depends  upon  the  strict  absence  of  thiamin 
in  the  protein.  This  is  difficult  to  assure  completely.  Moreover, 
the  experiment  is  not  shown  to  relate  specifically  to  the  thiamin 
rpnidrement  but  merely  to  the  state  of  nutrition  of  the  birds, 

Q  Reader  and  Drummond  (31)  concluded  that  low-protein  diets 

mTbC  rr»te  No^efinit^coMluSorrcan^be'drawn 

differentiated  into  thermolabik  and  the— ble  factors.^  ^ 

•  H°Uhd  nf1  >fX  carbohydrate-protein  ratio,  implying  that 
independent  of  the  ca  y  '  •  ,  nt  in  this  respect, 

these  two  components  cffooclsareM  .  requirement 

Mitchell  (32)  reported  indications  that  tne  tniaimu  m 

°f  Ho\anrfndCHlcbherhS)Cmpamnd  the  growth  of  rats  under 
the  following  set  of  conditions. 
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(a)  Protein  low,  thiamin  low. 

( b )  Protein  low,  thiamin  liberal. 

(c)  Protein  high,  thiamin  liberal. 

( d )  Protein  high,  thiamin  excess. 

Rats  receiving  diet  (6)  consumed  more  food  than  those  on  diet 
(a)  and  accordingly  grew  faster.  When  the  protein  was  raised  as 
in  diet  (c),  food  consumption  was  not  increased  but  growth  was. 
In  the  case  of  diet  ( d )  both  food  consumption  and  growth  were 
still  further  enhanced. 

In  further  experiments,  feeding  was  regulated  to  a  constant 
level  in  all  cases,  whereupon  better  rates  of  growth  could  be 
noted  on  the  higher  protein  diets,  but  the  higher  thiamin  diets 
did  not  give  any  more  enhancement  of  growth  than  could  be 
ascribed  to  the  calorific  value  of  the  supplement.  The  thiamin 
required  for  a  given  rate  of  growth  did  not  appear  to  vary  with 
the  protein  content  of  the  diet,  but  when  both  thiamin  and  pro¬ 
tein  were  deficient,  better  growth  was  obtained  by  adding  either 
one  to  the  food. 


Summary 

1.  Decreased  carbohydrate  intake  has  convincingly  been 
shown  to  delay  the  onset  of  polyneuritis;  abundant  carbohydrate 
increases  the  thiamin  requirement. 

2-  The  substitution  of  fat  for  carbohydrate  lessens  the 
thiamin  requirement,  delays  onset  of  polyneuritis,  and  permits 
growth  on  low  thiamin  intakes. 

,ptA  p?tLV(ary  if 'efficacy -in  this  respect,  those  of  intermediate 
ength  of  fatty  acid  chain  being  markedly  superior. 

•  '  f  proportlon  of  protein,  so  long  as  the  amount  is  suf- 
fie  ent  for  proper  nutrition,  does  not  appear  to  influence  the 
thiamin  requirement  conspicuously  in  animal  experiments. 

t  +  0tj-ein  aPPoars  m  some  experiments  to  function  as  a  car- 
bohydrate  former.  See  p  101  for  its  effect  in  human  d"ets 

/,he  Pres.ence  of  adequate  choline  is  probably  necessary  to 
secure  the  sparing  action  of  fat  on  the  thiamin  requirement 
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CHAPTER  XXII 


THIAMIN  REQUIREMENT  IN  RELATION  TO 
SPECIAL  CIRCUMSTANCES 

In  the  foregoing  discussion  of  thiamin  requirement  we  have 
confined  ourselves  to  a  consideration  of  the  requirement  necessary 
to  protect  against  polyneuritis  and  death.  One  might  well  pre¬ 
dict  from  a  priori  considerations  that  the  minimum  necessary  for 
such  protection  would  prove  insufficient  for  the  complete  well¬ 
being  of  animals  and  for  the  performance  of  all  the  natural  func¬ 
tions.  Such  indeed  appears  to  be  the  case. 

In  Chapter  XVII  extended  reference  has  been  made  to  the 
influence  of  the  quantity  of  thiamin  administered  upon  the 
weight  maintenance  of  pigeons  and  upon  the  growth  rate  ot 
rats.  In  this  connection  data  have  been  presented  indicating  the 
effect  on  young  rats  of  a  range  of  vitamin  intakes  varying  irom 
1  to  10  7  daily.  A  wide  range  of  growth  rates  was  observed  with 
addenda  of  this  order  of  magnitude.  In  the  experiments  of 
Waterman  and  Ammerman  (1)  the  daily  increment  of  thiamin 
given  to  rats  on  the  Chase-Sherman  diet  was  extended  pro- 
gresSvelv  up  to  160  y.  As  shown  in  Figure  12,  every  increment 
E  supply  resulted  in  some  further  increase  in  the  growth 

rate,  though  apparently  under  a  law  of  dimln^'np!Jeat“lr".aa1ts  rhe. 

,  •  loxrolc  Thp  weight  curves  of  some  of  these  animals  re 

cefving  160  y  of  thiamin  per  day  for  a  period  of  1%  years 
l  •  ,,ro  iq  T'hp  exDeriments  were  continued  through  a 

Shc0oWr,d  generation  of  Iffspting  without  encountering  any  indica- 

Hon  thaUhJ Somewhat  supernormal  growth  rates  observed  would 

1  t  ^prftist  indefinitely  in  a  succession  of  generations  or  that  the 
effect  of  high  thiamin  intake  was  either  lessened  or  intensified  in 

subsequent  generations.  riment  0f  giving  graduated  high 

When  we  performed  the  experiment  oi  g  breedjng 

doses  of  thiamin  in  a  similar  fashion  ‘°:,£  and  tw0  thirds  whole 
diet  consisting  of  one  third  who  e  milk  and  two  | 

wheat,  we  encountered [some e£^nBb^£cti„g  it  with 
content  of  this  diet  a  feeding  the  extract  to  poly- 

acidulated  80  per  cent  was  found  to  be  about  4  y  per 

gram!*  Thus  the1  rats*  received  about  40  7  of  thiamin  daily  from 
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the  diet.  Daily  administration  of  additional  quantities  of  crystal¬ 
line  natural  vitamin  to  these  rats  led  to  scarcely  any  measurable 
enhancement  of  the  growth  rate  (Fig.  13),  although  the  intake 
derived  from  the  diet  was  far  below  the  amount  which  had  proved 
stimulative  to  weight  increase  of  rats  on  the  Chase-Sherman 
diet.  It  is  indeed  remarkable  that  the  stock  diet  composed  of 
natural  foods  should  result  in  definite  limitation  of  growth  and 
at  the  same  time  induce  excellent  performance  with  respect  to 
other  functions.  The  stock  diet  in  question  is  one  which  has  been 
used  successfully  in  Professor  Sherman’s  laboratory  as  well  as 
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Figure  13.  Effect  of  diet  on  stimulation  of  growth  of  male  rate  (litter  mates) 

by  large  amounts  of  thiamin  chloride. 

1  Diet  515  4-  160  thiamin  chloride  daily. 


Diet  515 

Butter  fat 

Casein 

Cornstarch 

Salt  Mixture 

Cod  Liver  Oil 

Autoclaved  Yeast 

Wheat  oil  in  addition 


Diet  13  M 


Per  Cent 

Whole  wheat— 66  parts 

8 

Whole  dried  milk — 33  parts 

18 

Lean  meat  in  addition  every 

53 

4 

other  day. 

2 

15 
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in  the  authors’  laboratory  for  many  years  in  breeding  thousands 
of  rats  for  experimental  purposes. 

In  this  connection  it  is  interesting  to  note  that  Williams  (2) 
demonstrated  that  pigeons  could  not  in  general  survive  on  an 
exclusive  diet  of  rice  meal,  bran,  or  polish  fed  ad  libitum, 
although  suitable  addenda  of  any  one  of  these  products  to 
polished  rice  produced  the  normal  result  of  protection  from  poly¬ 
neuritis,  maintenance  of  weight,  and  a  healthy  condition.  Several 
of  the  birds  which  died  on  the  exclusive  diets  of  rice  offal  ex¬ 
hibited  nerve  degeneration  similar  to  that  of  beriberi  and  three 
showed  head  retraction  or  spasticity  characteristic  of  that  con¬ 
dition.  Attention  was  called  at  that  time  to  the  previous  observa¬ 
tion  of  McCollum,  Simmonds,  and  Pitz  (3),  who  recorded 
evidence  of  the  presence  of  a  “toxic”  substance  in  wheat. 

According  to  McHenry  (4-6),  in  the  absence  of  choline  in 
the  diet,  fat  is  deposited  in  the  livers  of  rats,  and  this  deposit  is 
increased  by  the  administration  of  further  amounts  of  thiamin. 
On  the  other  hand,  administration  of  choline  to  rats  on  a  thiamin- 
adequate  diet  promotes  transport  of  fat  from  the  liver  to  the 
depots  and  thus  prevents  its  accumulation  in  the  liver.  Further, 
McHenry  finds  that  choline  supplements  the  action  of  thiamin 
in  promoting  the  growth  or  weight  maintenance  of  rats.  On  a 
diet  low  in  choline  as  well  as  in  thiamin,  failure  of  growth  in 
about  two  weeks  was  observed  in  McHenry’s  experiments.  Ad- 
ditions  of  choline  or  thiamin  did  not  bring  about  a  continuation 
ot  the  growth,  but  if  both  substances  were  added,  the  weights 
proceeded  to  rise.  McHenry  notes  that  choline-deficient  rats  dis¬ 
play  symptoms  very  similar  to  those  ascribed  to  a  B4  deficiency. 

I  he  complementary  action  of  choline  and  thiamin  on  growth  ap- 
peared  less  marked  m  older  rats  than  in  young  ones.  On  low- 
cholme  diets  thiamin  caused  increased  fat  formation  in  the  liver 

in  chohn^theb^H  wer?f  fed  on  fat:,f.ree  diets.  On  fatty  diets  low 

fat ^content  of  rtVfWSF  StlU  [Urther  in  ProPortion  to  the 

•  •  food'  These  facts  obtained  even  when  the  rats 

eceiving  thiamin  and  the  controls  were  kept  at  isocaloric  intakes 

ty  Were  allowed  t0  eat  ad  KMum,  the  body  weight  dif 

ferences  became  very  substantial.  Y  g  dlt' 

regard^he^pplementery  ac^ion^as^th  r\°t  c*ude,sa,'*s^actory  as 

cefSs  aslo  to 

there  is  an  interrelationshin  hPt  However,  the  evidence  that 
in  some  respects  partekes  of  the n!?  th*a?"n  and  cholin«  which, 
and  in  other  respects  of  a  mmn]»m  ^  °f  an  antagonistic  action 
iect  attractive  “t"®  makes  ‘he  sub- 

•I-  choline-thiamin  »Jo,  S”. 


284 


VITAMIN  Bt  IN  MEDICINE 


Perhaps,  since  the  Toronto  workers  have  found  that  betaine  and 
other  bases  have  an  effect  essentially  similar  to  that  of  choline, 
a  category  of  bases  must  be  considered.  The  chemical  re¬ 
semblances  of  choline  and  thiamin  are  of  possible  interest  in  this 
connection,  since  both  are  quaternary  bases  and  also  derivatives 
of  ethyl  alcohol. 

It  is  quite  possible  that  the  idea  of  a  subsidiary  B4  deficiency 
or  other  deficiency  in  the  Ammerman- Waterman  experiments 
may  also  have  to  be  invoked  to  secure  a  complete  explanation. 
The  question  of  whether  so-called  B4  deficiency  is  a  choline  de¬ 
ficiency  must  likewise  be  left  for  future  determination.  Elvehjem, 
who  has  studied  B4  extensively,  feels  that  choline  is  not  identical 


with  B4  (7). 

The  explanation  of  the  Ammerman- Waterman  phenomenon 
as  observed  in  the  case  of  the  Chase-Sherman  diet,  which  may 
seem  most  acceptable  to  many  readers,  is  that  the  increasing 
growth  rates,  with  increasing  amounts  of  vitamin,  is  due  not  to 
larger  amounts  of  thiamin  supplied  but  to  contamination  of  the 
crystals  with  some  other  essential.  This  possibility  was  men- 
tioned  by  Ammerman  and  Waterman  in  their  original  paper 
and  is  the  one  which  is  preferred  by  Elvehjem  and  Arnold  (8). 
According  to  this  view  the  crystalline  thiamin  was '  con*“"1^ 
with  a  small  amount  of  a  second  factor,  perhaps  B„  1  he  latter 
factor  being  present  only  in  traces,  it  was  necessary  to  add  large 
amounts  of  the  crystals  before  a  sufficiency  of  the i  second I  factor 
was  attained.  If  this  is  the  true  explanation,  the  Ammerman 
Waterman  phenomenon  must  be  regarded  as  analogous^  the 
Cowgill  phenomenon  which  is  discussed  in  Chapter  XXIII.  In 

-sate  2#  S»  t£Bg2  ts 

able  that  this  thermolabde  element  whateve  ,  with 

by  our  “stock  diet,”  upon  which  animals  mQ  aiii^  tMamin 

increased  8™"*  ™ ^fact^would  appear  to  give  strong  color  to 
were  supplied.  These  tacts  wo  pp  and  Arnold  However, 

the  explanation  favored  by  hAv  }  lanation:  First,  that  the 
there  are  two  facts  against  sud  •  ^  nts  of  thiamin  grew 
animals  on  the  stock  diet  with  large  those  Qn  the 

less  rapidly  and  to  lower 0unts  of  thiamin 

,0“'r 
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diet.  The  second  fact  against  this  explanation  is  that  synthetic 
thiamin  appears  to  produce  the  Ammerman- Waterman  phe¬ 
nomenon  in  marked  degree,  although  the  range  of  larger  doses 
which  have  as  yet  been  tried  extends  only  as  high  as  50  milli¬ 
grams  per  day.  The  experiments  must  be  repeated  with  synthetic 
thiamin  and  extended  through  a  wider  dosage  range  before  a  final 
conclusion  can  be  reached.  Perhaps  the  results  merely  indicate 
that  excess  amounts  of  thiamin  in  diets  are  able  in  large  degree 
to  compensate  for  certain  other  deficiencies. 

The  results  of  Leong  (9)  (see  page  251)  tend  to  confirm  the 
observations  of  Ammerman  and  Waterman  that  the  rat  can,  at 
least  under  certain  circumstances,  utilize  with  advantage  amounts 
of  thiamin  far  in  excess  of  usual  intakes. 

In  the  Ammerman-Waterman  experiments  with  rats  on  the 
Chase-Sherman  diet,  it  is  unfortunate  in  the  light  of  other 
observations,  which  are  presently  to  be  discussed,  that  no  syste¬ 
matic  histological  examination  of  the  tissues  of  the  various  organs 
was  made.  Autopsy  by  dissection,  however,  revealed  nothing  ab¬ 
normal  or  especially  suspicious.  Large  livers  were  recorded  in  some 
instances,  but  it  is  doubtful  whether  the  condition  observed  should 
be  regarded  as  abnormal.  A  careful  pathological  examination 
was  made  of  the  organs  of  the  animals  which  were  maintained 
throughout  life  on  the  stock  diet  with  addenda  of  thiamin  as  high 
as  1  milligram  daily.  These  animals  showed  no  pathological  con¬ 
dition  in  any  organ.  The  hearts  showed  a  slight  tendency  to  be 
enlarged  in  comparison  with  normals,  but  it  is  as  reasonable  to 
regard  this  as  supernormal  as  to  view  it  as  pathological.  In 
this  connection  it  is  of  great  interest  to  note  that  the  heart  rate 
of  rats  is  markedly  dependent  on  the  thiamin  intake.  It  is  this 
fact  which  makes  possible  the  use  of  the  bradycardia  test  in  this 

"T  (see  ChaPter  XVII).  According  to  Sampson  (10), 
the  heart  rate  of  rats  on  the  Chase-Sherman  diet  with  5  7  daily 

20  thiamin  stabilizes  at  maturity  at  about  400,  with 

20  7  at  480  and  with  50  7  at  500. 

Rigler  (11)  attributed  to  crystalline  thiamin,  as  isolated  hv 
Jansen  and  Donath  the  property  of  a  heart  automating  ie  a 
substance  capable  of  maintaining  the  beating  of  the  heart  even 
m  vitro  Zwaardemaker  (12,  13)  repeated  the  experiments  Ind 
found  the  automatme  property  pre«?pnt  in  ^  ^ 

subjection  to  radioactive 

the  significance  of  automatic  action  in  relation  o  the  heart  con 

Ammerman^6!)  Waterman*  wfth'ra^on'th^ChMe-Shernmnchet! 
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These  rats  showed  a  defect  in  performance  with  respect  to  re¬ 
production,  which,  however,  had  nothing  to  do  with  the  level  of 
thiamin  intake,  being  as  equally  marked  at  low  levels  as  at  high 
ones.  It  is  evidently  characteristic  of  the  basal  diet.  Although 
the  litters  were  normal  as  to  number,  and  the  individual  young 
were  extremely  well  nourished  and  apparently  somewhat  above 
normal  in  size,  there  was  a  high  mortality  during  the  nursing 
period  in  the  case  of  the  litters  born  in  the  latter  part  of  the  life 
of  the  first  generation.  It  was  also  conspicuous  that  the  mothers 
exhibited  little  maternal  solicitude  for  the  young  and  in  some  in¬ 
stances  the  young  were  eaten.  In  the  second  generation  there  was 
a  marked  tendency  to  infrequent  litters;  high  infant  mortality 
began  with  the  earliest  litters  and  maternal  indifference  was 
maintained  or  accentuated,  so  that  no  young  of  the  third  genera¬ 
tion  survived  the  nursing  period.  This  occurred  in  spite  of  the 
fact  that  the  young  of  this  generation  were  also  unusually  large 
and  well  nourished  at  birth.  The  cause  of  these  defects  in  re¬ 
productive  functioning  is  obscure.  Vitamin  E  was  supplied  in  the 
form  of  wheat  oil,  and  manganese  was  included  in  the  salt  mix¬ 
ture.  However,  in  the  case  of  the  stock  diet  reproduction  was 
perfectly  normal  even  when  the  stock  diet  was  supplemented  by 
80  to  1000  7  of  the  vitamin  daily.  This  continued  through  three 
generations  kept  at  these  high  levels  of  thiamin  intake.  It  is 
thus  perfectly  clear  that  the  impairment  of  reproductive  function 
on  the  Chase-Sherman  diet  with  large  thiamin  supplements  is 
not  at  all  due  to  excessive  thiamin  but  to  the  nature  of  the  d 

and  Drobably  to  a  deficiency  in  it.*  .  ,  ,  ^ 

Perla  (15),  however,  reports  some  results  which  he  const  rue 
in  a  manner  quite  at  variance  with  the  foregoing  conclusion.  T 
d"et  used  in  his  experiments  was  an  extremely  varied  one  It 
inn h.ded  25  narts  rolled  oats,  25  parts  fine  meat  and  bone  VA 
parts^ ^salt  16  pTrts  dried  skim  milk  with  addenda  of  cod  liver 
oil  wheat  germ  brewers’  yeast,  fresh  greens,  and  fresh  milk. 

S™  S™  «8S  s  JUrn i”Sd  “5S- 

ously  The  experiment  was  JtManfin  was  not 

The  growth  of  the  animals  fed  the  e  fema]es  bred  more 

SSIS,  A*i»  £...«*  » *  w  *h*  "“* 

r  ,  T  vprv  recently  postulated  by  Nakahara, 
•Absence  of  Vitamins  IMS)  m7y  well  be  pnrtly  or  completely  re- 

Inukai  and  Ugam.  (Science  87,  372,  19381  may 

sponsible. 
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was  born  dead,  or  the  young  were  early  neglected  by  the  mothers 
and  died  or  were  eaten.  Failure  of  lactation  wras  also  noted.  How¬ 
ever,  a  substantial  number  of  young  were  reared  by  all  groups. 
The  experiments  are  somewhat  unsatisfactory  on  account  of  the 
changes  of  regimen  during  their  course.  The  disturbance  of  very 
young  litters  for  purposes  of  daily  injections  seems  a  questionable 
practice  which  might  well  lead  to  the  abandonment  of  the  young 
by  the  mothers.  The  precaution  observed  by  Ammerman  and 
Waterman  of  injecting  the  controls  with  saline  to  parallel  the 
thiamin  injections  given  the  young  of  the  experimental  group 
would  have  been  wise.  Perla’s  results  appear  at  variance  with 
those  of  others  cited  below.  In  any  case,  since  the  thiamin  in¬ 
takes  were  higher  than  can  be  reached  by  the  use  of  normal 
foodstuffs,  the  results  have  little  immediate  practical  signifi¬ 
cance. 


In  the  light  of  the  foregoing  experiments  and  discussion,  it  is 
evident  that  variation  in  other  minor  constituents  of  the  diet 
may  profoundly  affect  the  apparent  Bj  requirement.  It  is  also 
evident  that  the  character  of  the  diet  may  determine  whether  or 
not  the  fundamental  functions  of  reproduction  can  be  properly 
performed  and  what  weight  levels  may  be  attained.  Further,  as 
was  pointed  out  in  the  previous  chapter,  the  proportion  of  carbo¬ 
hydrate  and  fat  in  the  diet  very  greatly  influences  the  body’s 
need  tor  thiamin  in  order  to  avoid  the  incidence  of  outright  poly- 
neuritis.  One  cannot  then  speak  of  thiamin  requirement  as  an 
absolute  quantity.  The  quantity  required  is  relative  to  many 
factors,  only  a  few  of  which  we  can  definitely  discern  at  present. 
IIS  y;ewPomt_ is  of  the  utmost  importance  in  considering  the 

neectionUwhhUh  wel1  as  hygiene  in  Ion! 

nection  with  it.  At  first  it  appeared  inexplicable  that  persons 

ermg  rom  neuritis,  diabetes,  gout,  epilepsy,  or  even  general 

malaise,  etc.,  should  report  benefit  from  a  liberal  supplv  of  this 

ofTwls  Satlr  l7  &  *£ 

LTxperimeSntoals*  ex  U 

usual  amount.  One  of  the  authors  vl  ,odl?rs  rec!ulre  twice  the 
months  on  polished  rice  without  th  7P  1  domestlc  fowl  for  nine 
extreme  inanition or  weakness  i\7VlI(>Pfment  °f  P^euritis, 
same  cage  and  fed  upon  the Tme  JM*  hVT  C™fined  to  the 
larly  succumbing.  A  few  less  nt!  h  blrds  that  were  reSu- 

countered  among  pigeons.  Possibly  Som°e  peculfaTTorm  of 
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fection  was  present,  but  if  so,  it  was  not  communicated  to  cage 
mates. 

Disregarding  such  exceptional  cases  for  the  moment,  it  is  still 
obvious  that  the  average  thiamin  requirement  of  a  species  can 
only  be  stated  with  reference  to  certain  norms  of  performance 
which  must  be  defined  with  the  greatest  possible  exactness.  Such 
considerations  as  these  as  applied  to  medical  practice  are  dis¬ 
cussed  in  Chapter  IV,  page  70  et  seq. 


Thiamin  in  Relation  to  Appetite 

An  early  and  important  reflection  of  thiamin  deficiency  is  loss 
of  appetite.  Such  loss  of  appetite  may  result  alternatively  in  the 
case  of  rats  from  a  deficiency  of  vitamins  A,  D,  or  one  or  more 
of  the  thermostable  B  factors;  in  the  case  of  birds  it  may  result 
from  a  B3  deficiency.  In  the  case  of  less-studied  animals,  such  as 
dogs,  it  is  quite  likely  that  loss  of  appetite  may  occur  from  a 
deficiency  of  these  or  still  other  less  known  factors,  e.g.,  the  black 
tongue  factor.  In  general,  however,  the  indications  are  that  a 
deficiency  of  thiamin  leads  to  a  rather  more  prompt  loss  of  ap¬ 
petite  than  is  the  case  with  the  other  deficiencies.  Certainly  the 
administration  of  thiamin  to  an  avitaminotic  animal  results  in  a 
very  prompt  and  great  stimulation  of  the  urge  to  eat.  It  is  reason¬ 
able  then  to  speak  of  the  vitamin  requirement  as  that  amount 
which  is  necessary  to  maintain  appetite.  However,  we  wish  to 
emphasize  that  the  requirement  for  appetite,  maintenance,  or 
growth  of  the  young  or  weight  maintenance  of  the  adult  may 
well  be  and  probably  is  significantly  different  from  the  thiamin 
requirement  defined  as  the  minimum  quantity  necessary  to  pre¬ 
We  are  inclined  to  take  exception  to  the  use  of  the  word 
specific  in  connection  with  the  effect  of  thiamin  on  appetite. 
Certainly  thiamin  is  not  specific  for  appetite  in  the  sense  that 
the  sex  hormones  are  specific  for  sex  functions  or  insulin  is  spe¬ 
cific  for  diabetes.  It  appears  that  a  thiamin  deficiency  impairs 
many  functions  and  that  it  does  so  because  it  impairs  a  metabo  c 
process  which  is  essential  to  the  proper  nutrition  of  cellular  tissue 

^  The'tportance  of  thiamin  to  appetitehasbeenstressedby 

mnnv  writers  and  by  none  more  than  Cowgill  (16).  In  his  studies 

7the  B?  requhement  of  animals  Cowgill  often  used  anorexia 
as  a  criterion  of  thiamin  deficiency  and  strongly  emphasised  the 
annetite-provoking  qualities  of  this  vitamin.  They  are  undoub 
eadTy  exXely  conspicuous.  One  cannot  cease  £  marvel  at ^t he 
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twenty-four  hours  than  the  animal  has  taken  during  the  entire 
previous  week  on  the  deficient  diet.  These  responses  are  so 
marked  that  they  can  indeed  be  used  readily  as  a  rough  measure 
of  the  thiamin  administered.  And  yet  it  is  scarcely  proper  to 
refer  to  this  as  a  “specific”  effect  of  thiamin  as  Cowgill  and  Sure 
do  (17).  The  administration  of  a  like  amount  of  thiamin  to  a 
normal  animal  has  no  marked  influence  on  its  appetite.  Only 
when  a  greater  or  less  deficiency  pre-exists  does  the  effect  upon 
appetite  appear.  Many  workers  with  vitamin  concentrates  testify 
that  self-administration  of  thiamin  stimulates  their  appetites.  It 
has  even  been  recommended  to  the  present  writers  as  an  appetizer 
before  meals.  Any  such  effect  is  considered  to  be  purely  fanciful 
unless,  of  course,  the  individual’s  existing  supply  is  suboptimal. 
We  have  never  been  able  to  observe  it.  Further,  as  we  have  noted 
above,  loss  of  appetite  may  be  due  to  any  one  of  a  number  of  de¬ 
ficiencies.  The  promptness  of  development  of  anorexia  in  case 
of  thiamin  deficiency  is  merely  a  reflection  of  its  rapid  dissipation 
from  the  tissues  by  destruction  within  the  body  and  by  urinary 
excretion  (see  Chapter  XIX). 

Anorexia  in  thiamin  deficiency  is  due,  we  believe,  to  failure 
of  nutrition  of  the  cells  of  the  tissues.  There  exists  in  the  body 
of  polyneuritic  animals  considerable  amounts  of  unmetabolized 
food.  This  may  be  viewed  as  causing  loss  of  appetite  for  es¬ 
sentially  the  same  reason  that  a  full  meal  causes  loss  of  appetite 
namely,  that  the  body  is  already  surfeited  with  food.  In  case  of 
thiamin  deficiency  the  body  lacks  the  means  to  metabolize  it. 
ihis  view  is  entirely  consistent  with  the  discussion  in  the  pre- 
cedmg  ehapter  on  thiamin  requirement  in  relation  to  quantity 

terL°n  ofTATf-  SP£e.tite  however>  such  a  useful  cri- 
Je  oect  tn  ft  hi  7dl'&n*  that  thiamin  requirement  with 

"  p"bl“  l”‘lth  **- 
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taining  1500  y  of  thiamin  muc^  as  11  cc-  con- 

that  amount  in  twenty-four  hours  Vh^  H°Ur  *?d  three  times 
great  interest,  and  thJrats  clnmr  in  ^  ?d^1and. taste  aroused 
and  resisted  its  removal  Thi«  1  ^i?  ^ottIe  W1th  their  paws 
variance  with  another  studv  ofth*  avior.  aPPears  somewhat  at 
their  choice  of  food  to  3 y°l  ”£  T  ^  to 

the  rata  seem  to  seek  out  a  fandom* In  thls  stance 

p“  SSStti 
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ance,  etc.  The  choice  was  good  when  thiamin-rich  foods  were 
offered,  but  they  were  unable  to  discriminate  when  the  thiamin 
content  was  relatively  low  so  that  little  or  no  immediate  benefit 
was  produced.  The  rat  was  thus  unable  to  distinguish  a  barely 
adequate  diet  from  an  inadequate  one. 

Thiamin  in  Special  Relation  to  Growth 

Rat  growth  as  a  method  of  testing  the  thiamin  content  of 
foods  has  been  discussed  at  some  length  in  Chapter  XVII.  The 
question  has  often  been  raised  as  to  whether  the  marked  effect 
of  thiamin  on  growth  is  due  merely  to  stimulation  of  appetite  or 
also  to  an  increased  efficiency  in  utilization  of  food,  lhat  the 
latter  is  the  case  has  been  the  conclusion  of  several  workers  and 
appears  to  us  to  be  well  justified.  Some  experiments  of  this  sort 
have  been  reported  recently,  together  with  reference  to  earlier 
work  (20).  In  this  study  groups  of  three  young  litter  mates  ot 
the  same  sex  were  fed  on  the  same  diet  except  that  one  receive 
autoclaved  yeast,  another  raw  yeast,  the  food  intakes  of  the  two 
being  kept  equal ;  the  third  received  the  same  raw  yeast  diet  as 
the  second  but  its  food  intake  was  unlimited.  The  first  made  no 
growth  in  fourteen  weeks,  the  second  gained  50  grams  the  third 
about  100  grams.  This  triad  was  typical  of  many  which  were 
subjected  to  the  test.  From  these  results  it  is  concluded  that 
thiamin  produces  growth  in  two  ways,  first  by  stimulating  t 
appetite  so  as  to  increase  food  consumption  and  seC0IJd.  .  1  „ 
“specific  influence  on  growth,  unrelated  to  the  plane  of  nutnt  on. 
Similar  results  have  been  reported  by  Hogan  ami  I’llcher  (  ), 

and  we  have  had  an  ample  experience  confirmatory  of  them. 

However,  the  effect  is  scarcely  a  specific  effect  on  growth.  Adm 
ktration  of  +hiamin  to  full-grown  animals  whose  supply  is  sub 
"al  Ukewise  results  in  better  utilization  of  foods  as  we  1  as 

fyj&ztvst  s  at  6 

requirement  of  the  young  to  be  lug  as  coi  P  rftts  can  grow 

size  and  need  for  food  increasi  ,  g  ,  infant  beriberi 

amounts  of  thiamin  are  supplie  •  .  peri0d  when  the  pre- 

is  of  frequent  occurrence  during  the  nurs  g  p  essentiai  vita- 

vaUing  dietary  of  the  '  children  are  conspicuously 

min,  but  once  past  the  nursmg  g  ,  nurslinK  there  is  good 

free  from  the  disease.  Mother’s  milk  is  toxic  (see  page  363) 
rsawenilt0aSSdeficienl  On  the  whole,  childhood  appears  to  need 
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a  lesser  proportion  of  thiamin  in  the  food  than  maturity.  This 
appearance  may  well  be  false  (see  page  263).  Probably  the  need 
for  normal  performance  is  nearly  the  same  in  both;  it  is  certainly 
not  materially  larger  during  the  growing  period. 

Two  studies  of  recent  date  on  thiamin  intake  in  relation  to 
development  of  children  should  be  mentioned  at  this  point.  The 
later  study  (22)  involved  193  normal  infants  living  in  their  own 
homes.  They  were  divided  into  two  groups.  One  group  received 
evaporated  milk  in  which  was  incorporated  an  extract  of  rice 
polishings,  the  other  an  unfortified  milk.  The  proportion  of 
thiamin  in  the  former  was  3  to  5.4  7  per  gram  of' ‘solids,  in  the 
latter  1.0  to  1.5  y.  The  diets  of  the  two  groups  were  otherwise  the 
same.  Water,  corn  sirup,  and  lemon  juice  were  added  to  the 
milk.  At  four  to  five  months  milled  cereal  was  also  given;  at 
five  to  six  months  vegetables;  at  six  to  seven  months,  fruit  pulps 
at  eleven  months,  eggs.  Cod  liver  oil  was  also  supplied. 

The  infants  on  the  diet  higher  in  thiamin  made  somewhat 
more  consistent  and  regular  gains  in  weight  than  the  controls 
but  the  average  weight  and  height  at  corresponding  ages  were 
not  significantly  different.  Constipation  and  anorexia  were 
equally  absent  m  both  groups.  Respiratory  infections  were 
equally  distributed  and  progress  in  sitting,  walking,  and  talking 
was  alike.  Numerous  anthropometric  measurements  and  hema- 
to  ogic  studies  also  failed  to  reveal  significant  discrepancies 
The  gain  in  weight  per  ounce  of  milk  consumed  was  slightly 
higher  for  the  higher  thiamin  group  after  the  126th  day  of  life7 
This  we  note,  closely  corresponds  to  the  introduction  of  j 
cereal  into  the  diet,  which  may  be  significant  Thp  «n1 
physical  benefit  of  the  higher  thiamin  in^Wp.  °  6  defimte 
stabilization  of  the  growth  rate  +1*  ^as.a  measure  of 

group  on  the°  unfortified ^milk^ appears  tote Vefi  ^  °f  £e 
amount  needed  to  protect  adults  from  beriberi^erchalder  VTn® 
We  may  assume  that  the  introduction  of  milled  UlaPteryiI) 
the  thiamin-calorie  ratio  nearlv  to  tn»  „•  .  ec*  cereal  reduced 
the  later  use  of  vegetables  fru i  s  *e.mimmum  safe  level,  but 
the  ratio  again  to  some  extent  d  6ggS  Presumably  raised 

The  observations  on  mental  development  of  tK„  •  r 
of  interest.  At  the  six-month  leve^the  lnfants  are 

showed  a  definite  acceleration  in  such  tests  gh'thlamm  group 

eye-hand  co-ordination,  and  prehension  Th*  aS  V"1ua  Pursuit, 

summarized  as  one  of  slightly  accelerated  g?ner,al  picture  was 
out^U^a(K^-^  to  nine  years  brought 

ment  in  each  of  several  sCdUdized  mental  im W°ve- 

fore  and  after  augmenting  the  “vitamin  B" in  the^hft^Ho  f*' 
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and  Hardy  (24)  correlated  the  intelligence  quotients  of  public 
school  children  with  their  infant  histories.  Those  breast  fed 
as  babies  from  the  first  to  twentieth  months  were  lowest  in 
rank,  those  entirely  bottle  fed  were  next,  and  those  breast  fed 
up  to  four  to  nine  months  were  first.  Some  connection  between 
these  observations  and  the  low  thiamin  content  of  breast  milk 
was  surmised  to  exist.  In  this  connection  it  will  be  well  to  re¬ 
cord  the  earlier  observation  of  Maurer  and  Tsai  (25)  that 
thiamin-deficient  rats  showed  somewhat  impaired  maze-learning 
ability  as  compared  with  controls.  Bernhardt  (26)  confirmed 
the  finding,  but  others  were  not  able  to  detect  such  an  ef¬ 
fect  (27). 

Another  study  of  the  effect  of  adding  to  the  thiamin  content 
of  the  diet  of  children  in  the  form  of  wheat  germ  or  brewers’ 
yeast  failed  to  reveal  any  physical  benefit  during  the  first  year 
of  life  (28).  A  group  of  238  infants  living  in  homes  in  the 
neighborhood  of  Bellevue  Hospital,  New  York,  were  used  as 
subjects.  Obviously  such  studies  are  very  difficult  to  control, 
and  some  conflict  of  findings  is  not  surprising. 

The  thiamin  content  of  human  milk  is  of  great  practical  im¬ 
portance,  not  only  in  connection  with  pediatrics  but  also  from 
the  theoretical  point  of  view,  as  it  furnishes  another  much- 
needed  means  of  ascertaining  the  human  requirement  of  thi¬ 
amin.  The  basis  for  such  a  determination  is  the  undoubtedly 
valid  assumption  that  well-fed  human  mothers  must  on  the 
average  secrete  a  food  adequate  for  their  young.  We  may,  there¬ 
fore,  well  review  what  is  known  of  the  thiamin  content  of  hu¬ 
man  milk.  A  series  of  studies  by  Macy  et  al.  is  important  (29, 
30).  They  brought  out  that  the  pooled  milk  from  a  group  of 
women  was  required  in  amounts  of  from  25  to  35  cc.  daily  to 
supply  sufficient  vitamin  B  complex  for  the  growth  of  rats  at 
the  rate  of  15  grams  per  week.  Assuming  thiamm  to  be  the 
limiting  factor,  this  should  approximately  correspond  in  thiaim£ 
content  to  0.15  to  0.20  y  of  thiamin  per  cc.  as  compared  with 
about  0.45  y  per  cc.  for  cow’s  milk.  Because  of  uncertainties 
of  conversion  it  is  safer  to  be  less  explicit  and  to  say  that  hu¬ 
man  milk  appears  to  be  roughly  half  as  rich  in  thiamin  as  cow  s 
milk  Reproduction  of  the  rats  which  received  human  milk  as 
the  sole  source  of  B  vitamins  was  normal,  but  lactation  was 
uniformly  Unsuccessful.  The  milks  of  two  individual  mothers 
were  also  studied.  Both  were  somewhat  lower  in  apparent  thi- 
omin  than  the  pooled  milk,  but  their  babies  gamed  at  a  rate  in 
excess  of  the  usual  one  The  diets  of  both  women  included  lar?e 
amounts  of  milk  and  seemed  adequate  in  quality  and  high  in 

from  the  thermostable  B  factors  by  including  autoclaved  yeast 
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in  the  diet  of  the  test  rats  (31)  used  in  assaying  breast  milks 
from  three  additional  subjects.  As  the  autoclaved  yeast  was 
added  to  the  diet  during  the  course  of  the  test,  it  was  possible 
to  note  a  slight  upward  inflection  of  the  curve  due  to  it,  thus 
indicating  that  the  thermostable  factors  supplied  by  human 
milk  were  also  somewhat  insufficient  for  the  rat  in  the  doses 
given.  The  growth  rates  and  other  circumstances  of  the  assays, 
however,  do  not  justify  amplification  of  the  above  estimate  of 
the  thiamin  content  of  human  milk.  There  was  an  appreciable 
variation  of  thiamin  content  of  the  milks  of  the  three  women, 
the  content  being  inversely  proportional  roughly  to  the  volume 
of  milk  secreted  daily  by  each. 

During  a  subsequent  period  the  women  were  given  10  grams 
of  yeast  daily  and  the  milk  reassayed.  A  slight  enhancement 
of  growth  rate  of  the  rats  was  noted  though  the  food  consump¬ 
tion  was  in  general  substantially  lower  than  in  the  case  of  the 
rats  used  previously  for  the  assay  of  the  corresponding  milks. 
The  authors  state  that  the  substance  supplied  to  the  human 
milk  by  the  yeast  added  to  the  diets  of  the  women  “is  not  an 
appetite  stimulator;  it  is  consequently  improbable  that  it  is 
the  antineuritic  vitamin.”  We  regard  this  conclusion  as  very 
doubtful.  Indeed,  since  thiamin  is  known  to  increase  the  effi- 
ciency  of  utilization  of  food  under  similar  circumstances,  one 
could  well  believe  the  contrary.  However,  the  matter  is  quite 
uncertain.  The  opinion  which  is  now  widely  held,  based  upon 
this  work,  that  human  milk  cannot  be  enriched  in  thiamin  con- 
tent  by  enrichment  of  the  mother’s  diet,  is  certainly  not  very 
well  founded.  Further  experiments  should  be  carried  out  with 
more  hberal  and  known  addenda  of  thiamin  to  the  mother’s 

d  fV  ,e  yea^  used  in  thf e  experiments  may  have  supplied 
relatively  small  amounts.  It  appears  to  have  been  a  baker’s 
yeast.  Also,  the  method  of  assay  of  the  human  milk  could  be 
much  improved  from  a  quantitative  standpoint  by  incorporating 

frnmd+KUate+air0l^u  of  autoclaved  yeast  in  the  diets  of  the  rats 
om  the  outset.  The  women’s  babies  in  the  above  experiments 
showed  no  inflection  in  growth  rate,  nor  did  the  growth  ratp 
of  any  one  deviate  significantly  from  those  of  the  others ^ 

Thiamin  in  Relation  to  Lactation 

Since  the  metabolic  rate  rises  in  pregnancv  fqo'i 
cially  during  lactation,  it  might  be  expfcted thiffV ,u-eSpe" 
requirement  would  rise  in  thptp  p™rr+-PeCte!rM  •  at  thiamm 
is  indicated  by  clinical  exneHenep  T^L  Th, 18  very  ^finitely 
ciency  are  noted  in  the maWitJ"  fManila  sifns  of  defi- 
classes  during  the  childbearing  age.  V  women  of  the  Poorer 

vans  and  Burr  (33)  made  a  special  study  of  the  thiamin  re- 
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quirement  in  relation  to  lactation  in  rats,  using  a  diet  of  the  usual 
synthetic  type  composed  of  casein,  cooked  cornstarch,  and  lard, 
with  addenda  of  a  salt  mixture,  cod  liver  oil,  and  wheat  oil.  Rats 
were  found  to  grow  and  reproduce  normally  when  supplied  with 
0.6  gram  of  yeast  daily.  However,  during  lactation  the  young 
failed  to  grow  normally,  especially  during  the  period  imme¬ 
diately  before  normal  weaning,  unless  five  times  as  much  yeast 
was  supplied.  They  concluded  that  Bx  was  exclusively  involved 
as  the  increased  rate  of  growth  of  nurslings  could  be  secured 
by  adding  rice  polish  extract,  which  contains  little  of  some  of 
the  thermostable  factors,  to  the  mother’s  diet  instead  of  addi¬ 
tional  yeast.  A  growth  of  570  per  cent  in  weight  from  birth  to 
the  twenty-first  day  of  age  was  taken  as  the  norm  of  good 


performance. 

Sure  (34)  also  studied  the  matter.  His  method  was  to  trans¬ 
fer  mothers  from  the  stock-breeding  diet  to  a  synthetic  Bx 
deficient  type  upon  the  birth  of  young.  Various  mothers  were 
supplied  with  addenda  of  rice  polishings  or  autoclaved  yeast  or 
the  two  in  combination.  By  noting  changes  in  trend  of  the 
weight  curves  of  the  nurslings,  following  such  additions  to  the 
diet  Sure  concluded  that  more  autoclaved  yeast  also  benefited 
lactation.  His  experiments  were  less  systematic  in  character 
than  those  of  Evans  and  Burr,  the  feeding  periods  on  each  leve 
of  addendum  being  relatively  short  so  that  effects  might  we 
carry  over  from  one  period  to  another.  It  is  also  to  be  noted 
that  his  lower  levels  of  supply  of  autoclaved  yeast  were  below 
those  which  later  experience  has  indicated  to  be  necessary  for 
proper  growth  of  young  rats.  To  obtain  the  maximum  growth 
of  nurslings,  Sure  found  it  necessary  to  use  20  to  30  per  cent 
of  veast  in  the  diet.  This  compares  with  approximately  15  per 
ot  ^ea  i.  i  a  now  generally  recognized  as  necessary 

rsU'ptXate  amounTs  oT TtlUosLble  factor.  In  this 

instanced  in  many  other  experiments,  a  repetition  of ^  the 
mstan  ,  Dure  m  piace  0f  the  poorly 

SnndJdized products  of  natural  origin  which  have  heretofore 
been  avadaWe  will  aid  greatly  in  clearing  up  remammg  uncer- 

tainties.  mibiect  bv  Sure  and  associates  has 

Further  pursuit  of  the jubje  «oy  Q  factors  Qn  lactation 

served  to  associate  the  b  thiamin.  We  can  only  refer  to 

somewhat  more  definitely  withAiar^  ^  ^ 

a  few  of  the  more  recci 1 ;  ,  st  ancj  unautoclaved  yeast 
pared  the  effects  of  au  1  ^  during  the  period  of  lac- 

as  addenda  to  the  ,ofX  ®  mnared  a9  to  the  effect  of  the 
tation.  The  pairs  which  ^“^"ere  transferred  to  the  ex- 
two  addenda  were  lit  .  a  ^  ^  birth  of  their  young.  The 

Kn  the  raw  yeast  were  restricted  to  the  same  amount  of 
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food  as  was  consumed  by  those  on  the  Bj  deficient  diet.  The 
litters  of  the  former  showed  a  much  higher  growth  and  a  much 
lower  mortality  than  the  litters  of  their  mates  on  the  deficient 
diet.  The  mortality  of  the  latter  was  70  to  100  per  cent  com¬ 
pared  with  complete  success  in  the  rearing  of  the  young  of  the 
rats  receiving  raw  yeast.  Such  an  experiment  is  not  convincing 
as  to  effect  on  lactation.  It  may  merely  mean  that  because  the 
young  lacked  thiamin  they  died  of  a  condition  corresponding 
to  human  infantile  beriberi.  We  can,  however,  accept  the  con¬ 
clusion  with  some  confidence  that  lactation  increases  the  thiamin 
requirement  on  the  ground  that  food  consumption  is  greatly 
increased.  Whether  or  not  their  need  for  thiamin  is  enhanced 
more  than  in  proportion  to  the  food  consumption  must  await 
more  accurate  quantitative  studies. 

In  another  paper  Sure  (36)  estimates  that  the  lactating 
mother  wastes  at  least  60  per  cent  of  the  daily  thiamin  intake 
as  far  as  the  quality  of  the  milk  is  concerned.  The  large  amounts 
of  thiamin  required  for  lactation  are  accordingly  supposed  to 
be  due  to  the  inability  of  the  lactating  mother  to  secrete  the 
vitamin  quantitatively  in  the  milk.  This  point  has  also  been 
stressed  by  I.  G.  Macy  et  al  in  their  studies  of  human  milk,  as 
well  as  by  Evans  and  Burr,  loc.  cit. 


Thiamin  and  Intercurrent  Disease 

,  .  Many  experimental  attempts  have  been  made  to  connect 
thiamin  deficiency  with  resistance  to  specific  infectious  disorders 
1  he  results  have  not  been  very  impressive.  Nevertheless,  in 
classical  studies  of  human  beriberi  striking  evidence  has  been 
brought  forth  that  serious  disturbances  of  health  of  varied  tvue 
are  promoted  by  a  restriction  of  diet  to  food  sources  which  supply 
insufficient  thiamin  It  cannot  be  said  definitely  that  this 
aggravation  is  due  directly  to  thiamin  shortage,  as  other  de¬ 
ficiencies  may  have  been  involved.  The  results  are,  however 
suggestive  of  such  a  relationship.  Fraser  and  Stanton  in  the 

effecfof nnrnwtm5  theiF  1de,servedly  famous  experiment  on  the 

ansa 

f“»i"  requirement 
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kakke  (beriberi)  cases  was  a  good  indication  of  the  general 
health  of  the  army,  because  whenever  kakke  cases  diminished 
the  health  of  the  army  also  improved  generally,  that  is  to  say, 
cases  of  other  disease  decreased  proportionally.”  In  the  aggregate 
there  is  strong  reason  for  believing  that  the  current  world-wide 
incidence  of  beriberi  by  no  means  represents  the  sum  total  of 
thiamin  insufficiency  of  the  race.  Some  degree  of  inadequacy  of 
supply  of  this  vitamin  probably  is  affecting  adversely  the  health 
of  a  many  times  larger  number  of  individuals. 

The  reader  will  have  noted  that  a  preponderance  of  the  ex¬ 
periments  referred  to  in  this  chapter  have  been  performed  with 
crude  products  containing  thiamin.  Repetition  of  many  of  them 
with  the  use  of  pure  thiamin  would  be  fruitful.  The  physician 
stands  in  great  need  of  further  evidence  as  to  the  effects  of  special 
circumstances  on  the  thiamin  requirement.  Probably  most  of 
the  subclinical  forms  of  vitamin  Bx  deficiency  are  to  some 
extent  due  to  the  existence  of  special  and  unusual  needs  (see 
Chapter  IV). 


Summary 

With  certain  diets  growth  may  be  enhanced  somewhat  above 
normal  by  adding  large  amounts  of  thiamin  to  the  diet.  With 
certain  other  diets  this  effect  is  quite  absent.  The  effects  of 
thiamin,  therefore,  are  sometimes  greatly  dependent  upon  un¬ 
known  factors  in  nutrition.  Choline  may  be  one  of  the  important 
factors.  Thiamin  has  a  profound  effect  upon  the  appetite  of 
animals  which  have  subsisted  on  diets  containing  suboptima 
amounts  of  it.  It  also  promotes  the  efficient  utilization  of  food 
and  therefore  promotes  growth  in  the  young  and  increment  o 

weight  in  the  adult.  .  . 

A  more  generous  supply  of  thiamin  is  necessary  to  proper 

lactation  than  is  required  for  ordinary  nutrition.  The  enhance 
requirement  is  probably  roughly  in  proportion  to  the  enhanced 

food  consumption  of  the  mother. 

None  of  the  above  effects  is  regarded  as  a  specific  property 
of  the  vitamin  but  as  a  secondary  consequence  of  its  role  in  food 

"’'‘High^takes  of  thiamin  (100 7  daily)  have  been  reported  to 

iSSSSS 

to  the  relative  importance  of  deficiencies  of  thiamin  and  of  the 
thermostable  B  factors. 
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Thiamin  requirement  in  human  infancy  is  probably  not 
materially  different  from  that  in  maturity  except  as  the  food 
consumption  increases  with  increasing  size.  . 

Some  association  of  intercurrent  infections  with  thiamin  de¬ 
ficiency  is  indicated  by  clinical  experience.  Resistance  to  specific 
infections  is  not  demonstrably  lowered  in  thiamin  deficiency. 
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CHAPTER  XXIII 


THIAMIN  REQUIREMENT  IN  RELATION  TO 

WEIGHT 

The  principal  study  of  this  subject  in  the  literature  is  that  of 
Cowgill  (1).  His  study  begins  with  pigeons  and  involves  the 
application  of  the  principle  of  maintenance  of  appetite,  which  is 
in  turn  gauged  by  the  maintenance  of  weight.  This  standard  of 
B,  requirement  has  already  been  discussed  in  Chapter  aaII. 
Cowgill’s  method  was  to  feed  pigeons  ad  libitum  upon  polished 
rice  stone  grit,  and  water.  After  two  weeks  this  diet  was  sup¬ 
plemented  by  meat  residue,  salt  mixture,  and  two  to  four  drops 
of  cod  liver  oil  daily.  At  the  time  of  transfer  of  the  pigeons  from 
the  first  to  the  second  diet,  they  were  classified  according  to  their 
body  weights  into  three  groups  and  dosed  daily  with  a  B, 
supplement  graduated  according  to  the  average  group  weights. 
After  a  period  of  adjustment  with  various  doses  of  the  B, i  sup 
nlement  a  dosage  was  arrived  at  at  which  each  bird  was  found 
to  maintain  fairly  constant  weight  over  a  period  of  one  to  three 
weeks  The  size  of  the  dose  required  in  each  case  to  maintain 
This  constancy  of  weight  versus  the  average  body  weight  of  the 

individual  bi^d  P- 

:  where  W  is  the  average  weight  of  the  individ- 

ual  for  the  period  of  test.  ,  •  ug  defects  which  are 

These  experiments  haw: f^se  in  subgequent 

now  discernible  'n  the  light  f  k  ^  ,heir  ffects  on 

years  about  the  muHip  y  ^  ^  for  weight  maintenance 

nutrition.  First  i  ne  pige  was  present  incidentally  in 

is  not  provided  for  except  a  P  Harris  yeast  vitamin 

the  B,  preparation  used^  "  °uppose  contains  more 

powder,  which  we  ^ve  every  reason  to^PP  ^  Qr  ^  WM  the 

or  less  B,.  We  do  not  know,  ;  Cowgi]1  (1;(]  not  determine 

limiting  factor  in  the  pow  •  (he  bjr(|s  at  normal  weight 

the  amount  of  B,  ®ai  weight.  Evidently  this  weight 

but  at  some  undefined  su  _  j  {fom  the  two  curves  which 

was  considerably  below  *  j  normal  weight  was  not  as- 

** » ■—  “'*•  “*  “  ~ 
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equally  subnormal  in  weight  at  the  outset  of  the  dosage  period 
(2).  Waterman  and  Ammerman  (3)  have  shown  that  pigeons 
on  autoclaved  wheat  plus  5  7  of  pure  lb  daily  maintain  a  weight 
level  of  about  72  per  cent  of  normal  and  that  this  weight  level 
rises  only  to  about  85  per  cent  of  normal  even  when  40  7  of  Bx 
daily  are  given  (see  Fig.  14).  It  is  thus  evident  that  if  the  B3 
supply  in  the  Harris  yeast  powder  as  given  were  insufficient,  the 
apparent  Bx  requirement  would  rise  very  rapidly  with  the  weight 
level  at  which  it  was  decided  to  maintain  any  given  bird.  Also,  if 
the  birds  were  unequally  lean  when  the  dosage  began,  the  dose 
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Figure  14.  Average  weight  level  of  pigeons  on  a  diet  of  autoclaved  wheat  nlus 
Krfiion0868  c,ystalhne  vitami“  B-  hydrochloride.  Courtesy  of  Jourrj  ol 

required  to  maintain  the  existing  weight  level  would  derjend 
primarily  upon  the  initial  leanness  and  not  on  the  skeleton  size 
or  normal  or  potential  weight  of  the  bird.  The  pigeon  expS! 
ments  should,  therefore,  be  heavily  discounted.  P 

Cowgill  s  study  was  extended  to  three  other  species  In  the 

sls&gSP? 

a  more  or  less  normal  vrnwth  >  Just  sufficient  to  produce 

the  growth  rate  showed^ declinT*1whereuponWth e^ " Until 
creased  and  so  maintained  until  the growth  nde atT8!™*8 
fall;  a  second  increase  in  dosage  was^hen 
amount  of  yeast  powder  assort*^/  -A?  mto  effect.  The 

"In  tseTxSe^o^ 

source  of  the  thermostable  B  facKas^Jed^  isTow 
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customary.  The  Harris  yeast  powder,  of  course,  contains  these 
factors,  but  not  in  sufficient  amount  at  the  levels  of  feeding,  viz., 
20,  30,  and  45  milligrams  per  day.  This  is  clearly  shown  by  the 
fact  that  the  growth  rate  could  not  be  maintained  at  levels  above 
80  to  108  grams  when  the  yeast  powder  dosage  was  20  milligrams 
daily.  This  amount  of  yeast  powder  is  equivalent  to  4-5  y  of 
thiamin  chloride,  which,  as  is  well  known,  is  able  to  support 
good  growth  far  beyond  this  weight  level  if  the  diet  is  otherwise 
adequate.  It  is  also  to  be  noted  that  the  larger  doses  of  yeast 
powder  wrere  given  at  later  times,  that  is,  after  the  animals  had 
been  further  depleted  of  the  thermostable  factors.  It  is  now  well 
known  that  the  rate  of  depletion  of  the  body  of  the  thermostable 
factors  is  much  slower  than  that  of  Bj.  It  was,  therefore,  in¬ 
escapable  that  more  yeast  powder  would  be  required  to  produce 
growth  at  the  weight  levels  later  attained,  as  the  need  for  ther¬ 
mostable  factors  had  then  become  more  acute.  The  greater 
weight  at  later  stages  was  also  due  in  part,  no  doubt,  to  greater 
age,  certainly  not  wholly  to  the  greater  B!  supply.  The  e^P£n' 
ments  would  have  accordingly  been  better  in  this  respect  had 
they  been  run  simultaneously  with  parallel  groups  and  not 

consecutively  on  the  same  animals.  ,  ,  ,  ■ i 

Harris  yeast  powder  supplies  both  B!  and  the  thermostable 

factors,  but  certain  of  the  latter  are  present  in  only  one-fourth 
as  ereat  a  proportion  relative  to  the  animals  need.  The  ratio  is 
240  Shennan-Chase  units  of  B,  to  60  Sherman-Bourquin  units  of 
Thermostable  (G)  (4).  Since  both  units  are  defined  as  the 
quantity  of  each  of  the  two  respective  factors  necessary  to  main¬ 
tain  ft  rate  of  growth  of  3  grams  per  week,  the  units  aftord  a  direct 
•  r  nHpouacv  with  respect  to  the  two  factors.  It  is 

Sc  ar  that  the  AermostablePB  factors,  not  B  were  the 
thus  clear  t  piements  in  Cowgill’s  rat  experiments. 

PrT‘m  :  (5)  are  "similar  in  character.  Young 

.  1  r  i  ,  *  n  o  diet  essentially  the  same  as  that  used  for 

"T6  T  with  the  excepUon  That  the  casein  was  purified  by  ex- 
the  rats  with  the  P1  freed  of  B  factors.  Two  types  of 

traction  and  thus  more  y  mjce  were  given  a  daily 

experiment  were  *f  9g5  st  powder,  which  was  later 

supplement  of.  ™  g  ive  steps  to  about  70  milligrams  daily. 

The  growth  j attained  thr oughoul of  fhe  fact  that  the 

lanUa^hle  deSncy  was  accumulating  through  the  growth 
thermostable  dehcien  y  exDeriment  with  mice,  groups  of 

period.  In  the  othc  ,  «  short  time  and  then  given  a 

young  animals  were  ( -  eP '  ^  der  during  the  remainder  of  the 

fixed  dose  daily  of  th  y  -  group  to  group  from  10  to 

experiment.  The  dose  var  in^entgP  the  weight  ultimately 

attained"  mTa  given  ^dosage  w ^tabulated  against  the  dosage  as 
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an  index  of  the  relationship  of  Bt  requirement  to  the  weight. 
The  deficiency  of  the  thermostable  factors  was  even  more  marked 
in  the  case  of  the  mouse  experiments  as  compared  with  those 
with  the  rat  because  of  the  purification  of  the  casein.  It  seems 
probable  that  this  is  responsible  for  the  fact  that  the  best-fitting 
exponent  of  the  weight  in  this  instance  was  found  to  be  nearer 
to  7/3  rather  than  5/3,  although  Cowgill  attributed  it  to  having 
given  the  yeast  powder  in  excess  of  the  absolute  minimum. 

Regarding  the  dog  experiments,  we  are  not  in  a  good  position 
to  comment  at  length  because  of  lack  of  experience  with  this 
animal.  Since  in  the  dog  experiments  meat  residue  constituted 
a  substantial  fraction  of  at  least  one  of  the  diets  used,  there  was 
probably  a  sufficiency  of  at  least  some  of  the  thermostable  factors 
present.  The  requirement  of  the  dog  for  the  various  vitamins  has 
been  much  less  studied  than  that  of  the  rat,  so  that  we  know  less 
of  what  factors  may  be  needed.  Symptoms  are  described  in  these 
experiments  which  appear  to  be  of  a  character  to  be  expected 
from  Bx  deficiency.  On  the  other  hand,  it  is  to  be  noted  that 
although  many  other  dogs  were  studied  by  Cowgill  and  his  as¬ 
sociates,  a  series  of  only  six  dogs  was  used  to  establish  the  re¬ 
lationship  between  vitamin  requirement  and  weight.  Detailed 
evidence  is  lacking  as  to  the  normal  weights  of  the  dogs.  Cowgill 
and  associates  had  previously  reported  that  “dogs  require  ap¬ 
proximately  40  milligrams  of  the  yeast  vitamin  powder  (Harris) 
per  kilogram  of  body  weight  per  day  to  maintain  perfect  appetites 
over  periods  of  several  months’  duration.”  Later,  in  going  over 
the  same  experiments  in  the  light  of  the  hint  which  they  got  from 
the  pigeon  experiments,  the  conclusion  was  reached  that,  as  in 
the  other  species,  the  vitamin  requirement  for  dogs  is  propor¬ 
tional  to  Wh 


We  cannot  accept  this  general  conclusion.  If  the  vitamin 
requirement  is  proportional  to  W*,  a  72-kilo  Great  Dane  will 
require  63  times  as  much  vitamin  daily  as  a  dog  of  6  kilos,  whereas 
its  food  consumption  would  be  only  5.25  times  as  great.  The 
Great  Dane  would  require  392  times  as  much  vitamin  in  10.9 
imes  as  much  food  as  a  2-kilo  Pekingese  would  need.  Its  food 

smaller  dog’s  t0  36  “  ™h  in  vitam“  “  the 

The  dog  should  lend  itself  particularly  well  to  a  further  ctnHv 
°  question  at  issue  because  of  the  very  wide  range  of  weights 
Which  are  represented.  It  is  to  be  hoped  that  someone  will  con 
duct  such  an  experiment,  as  we  need  to  know  whether  a  specie* 
constant  exists.  The  test  will  probably  have  to  be  prefaced  bv  f 
certain  amount  of  experimentation  to  be  sure  that  tfie  diet  3 
is  adequate  in  every  way  aside  from  its  B,  content  R  Jh  r 

course,  be  supplied  in  crystalline  form  since  twi  Bl  should’.?f 

rarr,  tiaras 
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ability  of  destroying  any  residual  Bx  contained  in  the  various 
articles  of  food,  not  by  a  process  of  autoclaving,  which  is  ex¬ 
tremely  likely  to  destroy  other  factors,  but  by  a  mild  sulfite 
treatment  which  appears  very  likely  to  be  a  specific  reagent  for 
the  destruction  of  Bx  alone. 

Waterman  and  Ammerman  have  pointed  out  in  a  very  clear 
fashion  that  in  both  the  pigeon  and  the  rat  on  certain  types  of 
diet  the  weight  level  of  any  given  individual  may  be  pushed  up 
higher  and  higher  by  supplying  more  and  more  B^  This  was 
accomplished  in  the  one  case  where  B3  deficiency  was  known  to 
exist  and  in  the  other  where  no  known  deficiency  existed, 
although  some  thermolabile  deficiency  is  suspected.  This  forcing 
upward  of  the  weight  level  of  an  individual,  however,  was  ac¬ 
complished  in  both  species  only  by  supplying  manyfold  larger 
quantities  of  the  crystalline  vitamin.  The  higher  the  level  the 
larger  the  increment  of  vitamin  necessary  to  achieve  a  new 
weight  level  or  higher  growth  rate.  We  think  it  likely  that  in  part 
Cowgill’s  results  constitute  a  foreshadowing  of  the  Waterman- 
Ammerman  phenomenon.  It  is  also  foreshadowed  elsewhere. 
Cowgill’s  results  may  come  to  assume  greater  importance  with 
respect  to  Bx  requirement  in  relation  to  higher  degrees  of  well¬ 
being  than  we  can  now  foresee.  However,  the  amounts  of  Bi 
which  are  involved  in  such  cases  do  not  appear  to  be  related  to 
the  minimum  requirement  for  the  prevention  of  outright  beriberi 
when  B,  is  the  sole  deficiency.  Nor  can  we  suppose  that  because 
an  animal  on  a  certain  diet  requires  quantity  a  of  vitamin  to  rise 
from  weight  level  n  to  n  +  1,  another  animal  of  the  same  spec  es 
on  the  same  diet  whose  weight  is  already  n  +  1  will  also  require 
quantity  a  to  maintain  that  level.  One  is  a  question  of  leanness, 

theTheeerrorUin  Cowg^llt  theoretical  formula  detracts  very  little 

from  theevleofh, /analysis  of  diet. .associated  with ^er.beri  or 

with  recessions  of  the  disease  (see  Chapter  Ml).  Ihe  data  a  e 
t  forth  so  that  one  can  conveniently  and  profitably  read  the 
U  ter  two  thhds  of  the  book  and  exercise  his  own  judgment 
about  the  acceptance  or  rejection  of  the  feature  regarding  the 

would  be  more  subject  to  poly neu  plotted  the 

arMd  ^htoftn  birds  fed  sSaneously  on  a  ?1  per  cent 
£  flour* (that \s  to  sa,, 

pcflyimuritis ‘^unpublished  data).  This  flour  was  just  deficient 
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enough  in  Bj  to  produce  a  tardy  polyneuritis.  It  was  not  far 
below  the  borderline  in  this  respect,  for  in  parallel  experiments 
conducted  simultaneously  with  an  equal  number  of  birds  it  was 
demonstrated  that  no  polyneuritis  occurred  on  a  79  per  cent 
flour,  while  on  a  49  per  cent  flour  polyneuritis  occurred  much 
more  quickly.  Such  a  borderline  diet  as  the  71  per  cent  flour 
should,  therefore,  be  favorable  for  detecting  any  influence  of 


weight  As  can  be  noted  from  the  figure,  there  annears  to  hP 

first'fwhicTts^uit^th^  re^rs^of^CowgiV^pre^ctirm^w'^'d3 

Numerous  like  experiments  have  been  reoordpH  r  n  • 

been  able  to  detect  anv  such  rol.rl  of, the. disease,  nor  have  we 

of  similar  experiments  with  c h lck e ns'  w Mch" v/1 6  larse  numbers 
by  Fraser  and  Stanton  (7).  h  h  have  been  rePorted 

ktiS41whLrmavUiriininrttt  l"  th‘S  connecti°n  is  any  re¬ 
weight  and  B,  requirement. 
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the  literature  are  not  abundant.  We  may  refer  to  the  experiments 
of  Strong  and  Crowell  (8)  with  prisoners  in  Bilibid  prison  at 
Manila.  In  these  experiments  seventeen  men  were  confined  to  a 
uniform  deficient  diet.  Of  these  the  majority  developed  beri¬ 
beri  of  greater  or  less  severity,  but  there  appears  to  be  no  re¬ 
lationship  between  the  body  weight  of  the  individuals  and  the 
time  of  incidence  or  severity  of  the  symptoms. 

In  many  epidemics  of  beriberi  which  have  been  reported  no 
evidence  is  available  that  all  were  restricted  to  a  uniform  diet. 
An  exception  is  the  cruise  of  the  Japanese  ship  Riujio  in  1883 
with  a  complement  of  376  men,  of  whom  169  contracted  beri- 


rice.  In  “B”  a  salt  mixture  was  provided  in  addition. 

beri  during  the  course  of  272  days.  Another  exception  of  more 

troops  at  the  g  •  h  q{  the  literature  and  by  correspondence, 

lb.  normal  -eight.  of 

S“r.x».ta‘fh*rkr,ldS^' » :fs£k. ». 

However,  through  theki  i 0  attgntion  was  called  to  a  very 

Imperial  University  of  >  ^  j,  pertains  to  an  outbreak 

pertinent  study  $  J^oTthe  Japanese  warship  Iwami,  stationed 
of  beriberi  in  91. -Jl  on  ^  cases  of  berlberl  occurred 

at  Sagaren  Island,  t  y  presented  as  to  the 

among  a  complement  of :72Qwni- ^  q{  ^  men>  These  are 

seasonal  variation  in  matter  of  general  interest.  Kawa- 

reproduced  in  Figur  ^  beriberi  appeared  at  the  period 

guchi  noted  that  the  P  approaching  its  annual 

when  the  average  welfht,  °^XXrlv  on  the  contrast  between 

maximum  and  re^^rkehdprHn  that  the  latter  is  preceded  by  loss 
human  and  animal  beriberi  .  this  finding  he  gives  the 

rather  than  gam  in  weight.  Io  suppo 
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weight  curves  of  each  of  the  69  men  who  contracted  beriberi, 
showing  a  rise  of  weight  prevailingly  present  prior  to  the  onset 
of  the  attack,  probably  due  to  edema.  In  spite  of  the  edema 
factor  which  would  operate  to  increase  preferentially  the  weights 
of  the  incipient  beriberics,  we  are  able  to  read  from  these  curves 
the  following  figures  which  do  not  conform  to  Cowgill’s  con¬ 
tention  that  the  vitamin-calorie  ratio  which  is  required  to  protect 
human  beings  against  beriberi  rises  with  the  weight  of  the  in¬ 
dividual.  Kawaguchi’s  data  are  particularly  pertinent  because  the 


n  en  Tu°lved  (72°)  was  sufficiently  large  to  be 
eated  statistically  and  because  the  incidence  of  beriberi  (9  npr 

cent)  is  low  enough  to  demonstrate  clearly  that  the  diet  was 
borderline  with  respect  to  B,  deficiency.  WaS 

month  ^gn!ficaat  data  are  summarized  below  for  the  third 

il»  °f  u..  b.S 


Weight  of  individuals  who  subsequently 
contracted  beriberi 


Nn™kfr  °/  subavera§e  individuals 
JN  umber  of  superaverage  individuals 


Maximum  72.4  kilos 

Minimum  49.9  kilos 

Mean  56.0  kilos 

36 
32 

Average  weight  of  720  men  . 88  * 
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If  Cowgill’s  contention  were  correct  that  the  required  vitamin- 
calorie  ratio  rises  in  proportion  to  the  weight,  the  required  con¬ 
centration  of  vitamin  in  the  food  would  be  40  per  cent  higher  for 
the  large  men  (70  kilos)  than  for  the  small  Qnes  (50  kilos)  and 
there  should  have  been  a  marked  preponderance  of  men  of 
superaverage  weight  among  those  who  later  contracted  beriberi. 
Actually  the  preponderance  is  slightly  in  the  opposite  direction. 
It  is  doubtful  that  this  preponderance  is  significant,  but  it  is 
perhaps  well  to  call  attention  again  to  the  tendency  toward  a 
higher  metabolism  in  smaller  individuals  on  account  of  the 
higher  ratio  of  body  surface  to  body  weight.  This  is  in  harmony 
with  a  great  weight  of  evidence  in  favor  of  the  view  that  the 
Bx  required  is  in  proportion  to  the  quantity  of  food  and  par¬ 
ticularly  of  carbohydrate  metabolized. 

It  should  be  emphasized  that  the  foregoing  discussion  of 
thiamin  requirement  in  relation  to  weight  has  nothing  to  do  with 
the  question  of  whether  persons  who  are  disposed  to  be  fleshy 
have  a  lower  or  higher  requirement  than  those  who  are  prone  to 
be  lean.  This  question  should  be  considered  in  the  light  of  the 
discussion  in  Chapters  XX  and  XXII.  Probably  such  factors  as 
thyroid  secretion  play  an  important  role,  but  little  is  known  as 
to  the  position  of  thiamin  on  the  stage. 

Summary  of  Conclusions 

The  vitamin-calorie  ratio  required  for  a  given  species  appears 
independent  of  the  weight  of  the  individual  within  the  limits 
of  expermental  error. 
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CHAPTER  XXIV 


THIAMIN  REQUIREMENT  IN  RELATION  TO 

SPECIES 

Even  a  superficial  examination  of  the  literature  indicates  a 
considerable  variation  in  the  lb  requirement  per  unit  of  body 
weight  from  species  to  species.  Cowgill  (1)  has  made  a  more 
elaborate  study  of  this  matter  than  has  been  reported  elsewhere. 
His  analysis  begins  with  the  relationship  between  the  weight  of 
an  individual  animal  and  its  lb  requirement  in  four  species,  the 
mouse,  the  rat,  the  pigeon,  and  the  dog.  Using  the  criterion  of 
maintenance  of  appetite,  he  finds  that  with  any  one  species  the 

tt7  •re2Ilrem?Ilt  =  where  K„  is  a  species  constant  and 

W  is  the  weight  of  the  individual.  That  is  to  say,  according  to 
Cowgill  in  a  series  of  animals  of  the  same  species  but  of  varying 
weights,  the  Bi  requirement  necessary  to  maintain  appetite  rises 
much  faster  than  the  weight.  This  finding  we  believe  to  be 

chapter  erroneous’  for  the  reasons  mentioned  in  the  previous 

However,  Cowgill’s  conclusion  in  this  regard  does  not  neces- 
sanly  affect  directly  the  validity  of  his  findings  wfth  regard  to 

the  rnrnnVef™agritUdf s  of  the  several  species  constants,  that  is 

sy^araar*  re“ng  •**+** "° 

anpetTtemtoSe»ehat  he  Was  able  to  apply  the  same  criterion  of 

gtartt^ 

straight  line,  the ^uadoTof  wth  ctn  a 


(1) 


Viti  -  4.9  •  Wi •«  •  JTi 


W, 


' '  max 

elusion  ^ thaT thc^nwgjr1  level  at  the  «*- 

species  in  question  is  represented^  ^  metabolism  for  the 
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Calories  per  day 

WtM 


1.5  WV8®,  whence 
Cali 


1.5 


Substituting  in  (1)  he  obtains: 


(4) 


Vitj  =  3.27 

Cali  Wmax 


Wi 


in  which  Viti  is  the  daily  vitamin  requirement  in  milligram  equiva¬ 
lents  (1  mg.  eq.  =  0.2  y  Bi)  of  an  individual,  Wmaz  is  the  maximum 
weight  in  grams  attained  by  the  species,  CaU  is  the  daily  food 
intake  in  calories,  and  Wi  is  the  weight  in  grams  of  the  individual. 
From  (4)  we  obtain  by  substituting  the  indicated  values  of  Wmaz 
assumed  by  Cowgill  the  following,  in  which  \  iti  is  expressed  in 
micrograms  (7) : 


Species 

Man  . 
Dog  . 
Pigeon 
Rat  . 
Mouse 


max 


W 

115,000 

72,000 

1,350 

520 

34 


Viti 

Cali 

0.0000057  Wi 
0.0000091  Wi 
0.00048  Wi 
0.00126  Wi 
0.0192  Wi 


One  cannot  avoid  astonishment  at  this  portrayal  of  a  pro 
portional  requirement  for  the  mouse  which  is  more  than  3000 
times  larger  than  that  for  man,  while  the  proportional  require¬ 
ment  for  men  or  for  mice  is  said  to  be  smaller  as  size  decreases. 

The  fact  that  Cowgill’s  species  constants  plotted  against  t  e 
maximum  weight  on  a  log-log  basis  give  approximately  a 
sdraieht  line  is  at  first  glance  impressive.  As  one  reflects  about  it, 
H  the  magnitude  of  any  of  the  constants  might 

be  altered  by  10  or  20  per  cent  in  either  direction  without  greatly 

§ 

by  Cowgill,  these  ratios  become  20 ' .  72"0'00  °  0  u  dog.  The 

.24  rat;  420:1350  =  0.31  P.f e '  8f .°JXe  do  not  constitute 
ratios  are  of  the  same  magnitude  and,  therrf  -  ,  _n  Cowgiirs 

a  critical  test  of  the  signific  .  v  better  if  one  omits 

plot.  In  this  plot  the  straight  line  ■  m  exactly  the 

the  dog  or  the  mouse  pref. scab  y  ' the  latt among  the 
result  indicated  by  the  dev^tm  example,  with  unusually 

Sd^ulsWiU:  ratsV  mice  or  vice  ver., 

stand0 th e° straigh tTine  %££  One  cannot  feel 
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any  assurance  from  these  data  that  any  universal  constant  exists, 
especially  as  the  whole  question  is  further  complicated  by 
multiple  deficiencies,  etc.,  involved  in  the  experiments  as  dis¬ 
cussed  in  the  last  chapter.  It  need  only  be  noted  here  that  the 
estimates  of  requirement  under  the  conditions  of  CowgilTs  ex¬ 
periments  are  definitely  higher  for  both  mouse  and  rat  than 
when  the  diets  are  rendered  more  complete  by  supplying  the 
thermostable  factors  in  ample  amount  in  the  form  of  autoclaved 
yeast  as  has  been  done  by  other  workers.  The  pigeon  experiments 
are  similarly  complicated  by  lack  of  a  uniform  and  adequate 
supply  of  B3. 

Quite  apart  from  these  calculations  or  speculations  it  appears 
that  there  is  a  tendency  for  the  small  species  to  require  larger 
amounts  of  vitamin  per  unit  of  body  weight  than  do  the  larger 
species.  This  is  evident  from  the  results  of  many  workers  and  is 
also  shown  by  direct  experimental  data  taken  from  Cowgill. 


Species  Typical  Mg.Eq.  y  Required 

Weight  Required  Daily 

gm.  Daily 

Mouse  .  20  20  4 

Rat  .  125  30  6 

Pigeon  .  420  86  ,  17 

Dog  .  8000  232  48 


W_ 

Vit 

5 

21 

25 

167 


If  a  man  of  60  kilos’  weight  required  vitamin  in  the  same  pro¬ 
portion  as  the  mouse,  his  daily  need  would  be  6  to  12  milligrams 

whereas  the  existing  experimental  evidence  indicates  that  it  is 
about  1  milligram. 

However,  in  making  this  statement  with  regard  to  the  B 
requirement  of  man  we  have  been  compelled  to  use  another 
standard  than  that  which  Cowgill  utilized  in  his  experiment 
with  animals,  namely,  the  requirement  to  prevent  beriberi  Other 
than  the  requirement  to  maintain  appetite  It  is  however  th 
same  standard  as  Cowgill  used  in  transferring  his  experimental 
results  to  the  consideration  of  human  dietaries  h  , 

human  needs  This  change  of  standard  is  polsibfy  all  imnnrtant° 
From  what  has  been  said  in  Chapter  XXII  wi  h  reg™d  to  the 
Bi  requirement  with  respect  to  stntp  of  u  •  regard  t0  the 

readily  infer  that  man  might  under  some  circum^’  ^  mig.ht 
several  milligrams  daily  to  maintain  appetite  TnH  -S  ^ T'® 
the  examination  of  human  diets  makJOft  *  ,  J  ™eight’  but 
that  the  human  intake  often  approaches  uch 
light  of  this  it  may  seem  more  reasonablp  to  figUre‘  Jn  the 
man,  at  least  upon  the  usual  dipf<T  j-  0  s.uPPose  that  for 
amount  of  vitamin  necessary  to  prevent  be$ween  the 

quired  to  maintain  complete  well-bpino- ^  eriben  and  that  re- 

has  been  observed  in  rats  as  for  examnl  Sma  l?r  than  that  which 
Waterman  and  Ammerman  using  the  cLslItrZnXT^el 
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Chapter  XXII).  Alternatively  one  may  ascribe  the  Waterman- 
Ammerman  phenomenon  to  peculiarities  of  the  Chase-Sherman 
diet  or  to  contamination  of  the  natural  crystalline  vitamin  with 
traces  of  B4.  In  either  of  these  cases  the  result  becomes  anoma¬ 
lous  and  inapplicable  to  human  diets  and  human  behavior  in 
general 

If  we  take  Cowgill’s  value  of  30  milligram  equivalents  (67) 
for  a  125-gram  rat  as  a  basis,  a  60-kilo  man’s  proportional  re¬ 
quirement  would  be  2.88  milligrams,  which  is  surely  rather  high. 
Taking  the  Cowgill  value  for  a  420-gram  pigeon,  namely  17  7, 
man’s  proportionate  requirement  would  be  2.43  milligrams,  which 
is  again  high  according  to  best  available  estimates.  But  taking  a 
dog  of  8  kilos,  requiring  48  7  daily  as  a  basis,  man’s  requirement 
would  be  1.25  milligrams,  which  is  nearer  right.  All  this  is  in 
accord  with  the  general  observation  that  the  vitamin  requirement 
per  unit  of  body  weight  falls  as  one  passes  from  smaller  to  larger 

8P6It  can* scarcely^ be^ioubted  that  this  difference  in  requirement 
arises  from  the  fact  that  the  food  consumption  per  unit  of  body 
weiKht  is  much  larger  for  the  smaller  species  A  man  would 
consume  7  to  8  kilos  of  dry  food  per  day  if  he  ate  in  proportion 
to  the  rat.  That  the  relationship  of  requirement  to  food  con- 
«umftion  is  nrecise  or  that  the  requirement  varies  in  some  uni¬ 
form  mannertom  species  to  species  according  to  the  character- 
LTwekht  is  beyond  the  range  of  our  present  knowledge.  The 
I  „  nf  rough  principle  that  the  smaller  species  re 
acceptance  ot  the  ro  g  i  weight  does  not  depend 

qnon  th^use^^owgiirs  conditions  of  experiment  nor  the  ac- 
UP  +  ni  nf^i.  criterion  of  maintenance  of  appetite  as  defining 
ceptance  TTntirplv  independent  work  shows  that  the 

the  requirement.  Entire  y  P  uires  2t  of  vitamin  per 

rice  bird,  weighing  abo}lt  0pshed  rice  to  protect  it  from 

day  or  one  P^ige^  300  grT 

polyneuritis.  The  pigeo  >  g  ®  ti^es  as  much  food  as  the 

and  consuming  norma  y  ,  .•  g  as  much  vitamin  daily 

rice  bird,  requires  only ^about  four  times  as  muc^^ 

for  equal  protection.  •  tj,e  fact,  as  reported  by  Jansen 

size  in  a  senes  of  related cot„tract  polyneuritis  in  nine  to 
and  Donath  (2)  that  ^  pigeons  require  twenty  to 

twelve  days  on  ,  than  a  m0nth.  Presumably  this 

thirty  days  and  chicken  ,  a  single  uniform  lot  of  rice, 

statement  was  intended  PP  pers0nal  communication  that 

Dr.  E.  B.  Vedder  has  reported  P  lighed  rice  diet  in  about 

sparrows  develop  P^^^gudenberg  and  Cerecedo  find  mice 

d  wtep&ly^tiB  ^gf^JJg1  variation  tom  individuals 
individual, 'however ,  ^considerable  for  both  birds  and  roden  s, 
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and  one  can  scarcely  express  time  required  to  develop  polyneuritis 
at  all  precisely  in  terms  of  the  weight.  Later  work  of  Cerecedo, 
Hennessy,  Kaszuba,  and  Thornton  (4)  shows  that  mice  require 
2  y  of  Bx  for  “normal”  growth,  compared  with  4  y  for  rats  as 
shown  by  the  work  of  many  others.  That  is,  the  young  rat  re¬ 
quires  only  twice  as  much  Bx  as  the  mouse,  although  its  weight 
is  five  to  six  times  as  great.  To  prevent  polyneuritis  in  the  mouse 
requires  about  1  y  daily,  while  1  to  2  7  is  sufficient  for  the  rat. 

In  Table  XXIII  are  given  the  authors’  best  estimates  of  Bx 
requirement,  as  taken  from  the  literature,  to  prevent  polyneuritis 
in  the  several  species.  Figures  on  requirement  for  promotion  of 
growth  are  included  for  the  two  species  for  which  they  are  avail¬ 
able. 

TABLE  XXIII 

Thiamin  Requirement  (as  Chloride)  of  Various  Species 


Species 


Rice  bird 
Mouse 
Rat  . 
Pigeon 
Chick 
Dog  . 
Man  . 


To  Promote  Normal 
Growth 


y  Thiamin  Daily 


Per  Animal1 


2* 

4 


Per  Kg. 
Body  Wt. 


100 

30 


To  Prevent  Polyneuritis 


y  Thiamin  Daily 


Per  Animal1 


2 

1.0  2 
2.0 
9.0  6 


64  3 
600  4 


Per  Kg. 
Body  Wt. 


66 

50 

16 

22.5 

8  3 

10  4 


Parts  per 
Million  in 
Food* 


1 

0.5 
0.4 
0.7 
0.7  7 
0.35  3 
0.60 4 


eo‘k1i<^Ei,3{ hkif iE'on- 400 l.«'w 

data  refer  to  such.  plcKea  as  young,  half-grown  animals  because  the  available 

J  £[lvate  communication  of  Prof.  L.  R.  Cerecedo. 

per  day  (R.  G.^inton^Vet!  Med.  conclusion-  Food  consumption  was  taken  as  1 80  gm. 

“^tshouM  bdess.  gy  y  diet  except  m  case  of  the  dog.  With  high-fat  diets  the  require 

wm  Sn wH^’  ^protective*' d^eTwfre' n^t^ed^ ’  H*  (1935)>  show  cures  with  3  7 

was  unwashed  and  must  have  sucDlied  4  to  ‘i-v  6r-e  jj-5-  ‘  However,  the  polished  rice  useH 

sumrvti  g]Yl  Values  equivalent  toP0  5  ?  per  gr2m  10  thf  cr^UinePsubstance  given 

sumption  taken  as  averaging  10  gm.  per  dav  which  for  polished  rice.  Food  con- 

Mating,  ^:zstz.  ::r  “ nuch  “ 

the ^ame^rder  o^magn tode^ofi0]  1  “  the  food  is  of 

birds,  perhaps  because  they  are  seed  eaterrseemTcT d6redu  •  T.he 
requirement  than  mammals  of  corresnnnHirf ™  1  t?ve  a  hlSher 
eating  birds  and  nut-eating  squirrels  would  h  fData  °n  fish" 
would  help  to  throw  light  onThc  mH^^  H  °u  11Jterest>  as  they 
differences  arise  from  food  hab^  or  from^h!^^  F  ?pecies 

actenstics  of  classes  or  genera  Is  thp  Li  L  anatomical  char- 

■”tl  *  »' » — i  y  «h;s™r,"„  ShS  °J 
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of  a  better  conservation  of  thiamin?  Is  there  a  connection  be¬ 
tween  the  high  thiamin  content  of  pork  and  the  hog’s  tendency 
to  put  on  fat?  If  so,  would  geese  show  a  similar  high  storage? 
What  is  the  nature  of  thiamin  economy  in  hibernating  animals 
such  as  the  bear? 

Cattle  represent  a  species  which  often  derives  a  large  part 
of  its  supply  of  thiamin  from  bacterial  synthesis  in  the  alimentary 
tract  (see  page  378,  Chapter  XXVIII).  This  synthetic  activity 
evidently  also  gives  rise  to  other  B  vitamins,  but  the  subject  has 
been  studied  little  chemically  and  not  at  all  quantitatively. 

The  reason  for  having  discussed  at  such  length  the  theoretical 
portion  of  Cowgill’s  presentation  is  that  the  theory,  if  accepted, 
has  some  extraordinary  implications  of  profound  significance. 
This  theory  implies  that  a  maximum  normal  weight  attained  by  a 
species  represents  at  least  a  theoretically  attainable  weight  for 
every  member  of  that  species.  The  theory  also  suggests  that  the 
species  distinctions  do  not  represent  merely  a  man-made  classi¬ 
fication  of  convenience,  but  rest  upon  some  very  deep  principle 
of  nature.  This  is  true  because  Cowgill  visualizes  the  Bj  re¬ 
quirement  rising  rapidly  with  weight  within  any  species  and  at 
the  same  time  falling  as  weight  rises  from  species  to  species.  If 
its  implications  were  accepted,  the  Cowgill  theory  would  have 
a  profound  significance  with  regard  to  our  ideas  of  the  origin 
and  nature  of  species.  In  the  light  of  present  knowledge  we  are 
accustomed  to  regard  the  variations  from  breed  to  breed  or 
variety  to  variety  as  minor  instances  of  the  same  sort  of  variation 
Iwhwe  observe  in  larger  degree  when  comparing  one  species 

xf  Kgs?*  sr?  ts  srasra 

or  how  great  -  fjts  permits  an  interpretation  which  is  much 
more^consistent^with  generally  accepted  ideas  of  the  origin  of 


more 
species. 


Summary 


*  •  i  ronnirp  cmmewhat  less  than  one  part 

Au  species  of  ammab  qfood  when  carbohydrate  predomi- 
per  million  of  tturnm  1  ,g  usual  for  most  species.  The 

nates  m  the  diet  to  the d  ^  almost,  ;f  not  qulte>  within 

su  r-  -  .1  -•»"* 
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which  characterizes  the  larger  species.  The  differences  between 
species  and  species  in  this  regard  are  not  of  a  greater  order  of 
magnitude  than  corresponding  size  differences  among  the  in¬ 
dividuals  of  a  given  species.  Thus  all  species  of  animals  which 
have  been  extensively  studied  appear  to  constitute  a  rather 
homogeneous  group  with  regard  to  thiamin  requirement.  This 
justifies  faith  in  the  application  of  experimental  data  secured 
from  animals  to  the  problem  of  human  requirement. 
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CHAPTER  XXV 


DISTURBANCE  OF  GLYCOGEN  STORAGE  AND 
BLOOD  SUGAR  IN  THIAMIN  DEFICIENCY 

As  a  basis  for  the  discussion  of  this  topic  it  may  be  well  to  re¬ 
state  some  of  the  established  elementary  facts  regarding  carbo¬ 
hydrate  metabolism  in  normal  animals.  Unfortunately  these  are 
so  uncertain  that  we  soon  find  ourselves  in  the  realm  of  the  un¬ 
known  and  must  tentatively  accept  as  a  substitute  for  facts 
current  ideas  wThich  have  behind  them  a  weight  of  well-informed 
opinion.  To  state  this  situation  in  some  detail  even  at  the  cost 
of  appearing  pedantic  seems  justified  in  view  of  the  need  for 
fixing  the  role  of  thiamin  in  the  body.  That  it  is  intimately  con¬ 
cerned  in  the  intermediate  carbohydrate  metabolism  is  abun¬ 
dantly  indicated  by  existing  evidence,  but  how  and  where  are  still 
far  from  clear.  There  can  be  little  doubt  that  a  full  understand¬ 
ing  of  the  function  of  thiamin  in  this  connection  will  help  to 
clarify  the  whole  subject  of  carbohydrate  metabolism  generally. 
Indeed  such  a  clarification  may  well  prove  to  be  the  major  value 

growing  out  of  researches  on  this  vitamin.  ,  ,  ,  in 

Glucose  is  the  only  sugar  that  remains  in  normal  blood  in 
appreciable  amounts.  It  is  derived  from  carbohydrate  orp™' 
teins  of  the  food  and  normally  attains  a  value  of  about  0.07  per 
cent  in  the  blood.  Only  when  it  passes  the  renal  threshold  of 
ahnnt  0  16  ner  cent  does  it  begin  to  be  excreted  in  the  urine. 

turbed  by  internal  secretions  s  b]  ■  the  composition 

KfSSitoJ  ?. a  «i.~ 
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erally  agreed  that  an  early  step  in  glucose  absorption  is  the 
phosphorylation  of  the  sugar  to  corresponding  esters,  a  process 
which  also  occurs  when  the  sugar  undergoes  splitting. 

Some  portion  of  the  glucose  may  be  converted  into  a 
secondary  energy  reserve  in  the  form  of  fat.  It  is  commonly  sup¬ 
posed  that  pyruvic  acid,  derived  from  lactic  acid,  is  an  inter¬ 
mediate  in  this  process.  Pyruvic  acid  may  be  converted  in  part 
into  acetaldehyde  by  the  enzyme  carboxylase,  in  which  case  one 
can  picture  acetaldehyde  condensing  with  pyruvic  acid  or  with 
itself  by  an  aldol  type  of  condensation  to  form  long  fatty  acid 
chains.  The  process,  whatever  its  exact  mechanism,  is  pre¬ 
sumably  reversible  so  that  fat  may  be  reconverted  into  sugar 
and  utilized  in  that  form. 


Glucose  is,  of  course,  the  most  important  fuel  of  the  body,  but 
the  method  of  its  combustion  is  still  very  obscure,  in  spite  of  the 
prodigious  increment  of  knowledge  which  the  discovery  of  in¬ 
sulin  has  brought  about.  The  fact  that  insulin  is  indispensable 
to  the  normal  oxidation  of  sugar  is,  of  course,  a  commonplace, 
but  its  mode  of  action  and  its  relationship  to  other  oxidative  or 
hydrolytic  mechanisms  is  still  extremely  obscure.  That  there  is 
an  apparent  vague  kinship  between  the  function  of  thiamin  and 
that  of  insulin  adds  further  importance  to  our  topic 

for  absorbedTlnPn^116  above;me1ntionecI  potential  destinations 

Muscukr  eon  WH  ’  ™  mUSt  als0  c°nsider  oscular  activity. 
u.-cular  contraction  is  an  anaerobic  process  involving  the. 

and’Tome  gbco^® It' is 

sd  E- 2 

A  sugar  phosphate  is  commonly  suDDosed tnhL  £  j  acld- 
intermediate,  and  a  kinshir!  V,f  FiP  C  •  ,  formed  as  an 
muscular  contraction  to  thnsiTf  f  6  c  '?mica*  processes  of 

considerable  mass  oLvidenc:  fe™entatlon  18  Seated  by  a 

and  a  less  than  corresponding  amount  ^0?^  gluc.ose  dlsappear, 
In  fatigue  lactic  acid  accumukts  „ndS  y°°gen  ls  regenerated. 
oxygen  is  required  to  disposeof  it  althn  n  ffnero.us  supply  0f 
of  disposal  of  lactic  acid?s  not  an’oxidatmn  ?e ,pnmary  Process 
glucose.  This  is  shown  by  the  fact  W  9  :  ^  a  conversion  to 
into  phlorizin ized  animate  results  in  a,  Jectl0n  of  lactic  acid 
equivalent  amount  ofTugaHn  fte  unne.eXCret'0n  °f  almost  th* 

upbuilding  and  degradation ' surm  ^1SI?S  ,involved  in  the 
e  ect  of  avitaminosis  upon  glycoge^st^1 is  ^Xf^sing6 
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We  are  indebted  to  Westenbrink  (1)  for  a  critical  review  of  the 
earlier  literature.  We  will  scan  this  review  briefly  so  that  the 
reader  may  see  first  hand  the  conflicting  nature  of  the  evidence. 

Funk  and  von  Schonborn  (2)  forcibly  fed  two  groups  of 
pigeons  respectively  with  l2l/2  grams  each  daily  of  the  following 
basal  diets: 


Fat-free  Diet  Sugar-free  Diet 

Per  Cent  Per  Cent 


Casein .  12  12 

Sugar .  42  — 

Starch  .  42  42 

Salts  .  4  4 

Fat  .  —  42 


Some  of  the  birds  on  each  diet  received  an  addendum  of  yeast. 
The  authors  reported  results  as  follows: 


Diet 


No.  of  Days 
Fed 


Fat  free  .  14 

Fat  free  plus  yeast  . .  14 

Sugar  free  .  12-14 

Sugar  free  plus  yeast  12-13 


No.  of  Per  Cent  Glycogen 

Birds  in  Liver 

5  5.6;  3.6;  9.4;  0.9;  2.2 

1  0.4 

6  0;  0;  0.01;  0;  0;  0 

3  0.7;  0.5;  0.7 


The  figures  for  the  liver  glycogen  content  of  the  birds  fed 
upon  the  fat-free  diet  alone  cover  a  wide  range  but  appear  to  in- 

dFcate  normal  glycogen  or  even  an  increase  °{  ^i^n 
above  normal  in  B  avitaminosis.  By  contrast,  the  birds  ted  o 
the  sugar-free  diet  appear  to  have  been  depleted  of  hver  glycogen 
as  a  result  of  the  deficiency  of  B  vitamins.  Later  one  of  these 
authors  Funk  (3),  fed  pigeons  for  twelve  days  with  30  grams  o 
polished  rice  daily  and  found  the  following  liver  glycogen  values: 

5  49Collazo  (V)2  experimented  with  pigeons,  chickens,  and  dogs, 
glycogen  values  are  re- 

he  found  2.1  per  ce  “&A1  rFCethe  respective  values  for  the 

spectively ;  ^  d>et  of  po1  shed  nce^ me  P  birdg  Q5  0.15. 

two  species  were  0.1  and  trace,  erams  of  vltamin 

Dogs  also  were  used,  the  diet  ' comusti  ,g  • g0g  ms  ]ard,  and 

B-f?ee  showed  f^er  cent  liver 

3  grams  salts.  1  he  norma  y  ,  ,,  starved  1  per  cent. 

glycogen;  the  B-free  .  a  reduction  in  liver  glycogen 

Collazo’s  results  appear  to  indicate  a  Westenbrink 

in  avitaminosis  as  well  as  in  starvation^  Howe v  ^  lowering 
thinks  it  is  possible  that  starvatio  th  ^  trMt  wag  found 

depenedmggniongthem?eyCofgabsorption  of  glucose  from  the  ah- 
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mentary  tract,  Rubino  and  Collazo  (5)  introduced  a  different 
technique  in  studying  the  subject.  They  administered  5  grams 
of  glucose  to  a  series  of  birds  in  normal  and  in  a  more  or  less 
avitaminotic  condition.  After  intervals  of  two,  four,  and  six 
hours,  respectively,  pairs  of  the  birds  were  killed  and  glycogen 
was  determined  in  the  livers.  The  object  clearly  was  to  ascertain 
the  rate  at  which  glucose  is  converted  into  glycogen,  as  well  as 
the  rate  at  which  the  liver  glycogen  is  subsequently  utilized. 


Glycogen  Per  Cent 


2  HOURS 

4  HOURS 

6  Hours 

Normal . 

5.93 

7.12 

6.85 

1.11 

5.00 

5.69 

Fed  two  weeks  on  polished  rice . 

10.0 

4.1 

Fed  three  weeks  on  polished  rice 

2.85 

1.2 

- 

Fed  four  weeks  on  polished  rice  . 

0.20 

0.09 

— 

In  addition,  pigeons  were  fed  for  twenty-five  to  thirty-one 
days  on  polished  rice;  10  grams  of  each  of  the  following  sugars 
were  then  administered  to  individual  birds,  and  four  hours  later 
liver  glycogen  determinations  were  made,  with  the  results  in¬ 
dicated  below: 


Glucose  5.4  and  3.1  per  cent  Maltose 

Fructose  2.0  and  2.0  per  cent  Lactose 

Galactose  1.0  and  1.0  per  cent  Starch 


2.0  and  1.8  per  cent 
1.0  and  1.0  per  cent 
0.6  and  0.5  per  cent 


fV.»fddlti0nal,simtilar  results  were  obtained  on  other  pigeons  in 
of  avitaminosis.  The  conclusion  is  drawn  by  the 

tion  are  mlimpJed.0^' S  ^  a"d  glyCOgen  Utiliza' 

(AV^onaT^tW-3^^^  f?u  27  pigeons  on  a  normal  diet 
ii  i  synthetic  diet  with  yeast  addition  (B)  •  and  36  on 

lyj-th+e  Same  dlet  without  yeast  (C).  The  birds  on  the 
synthetic  diets  were  fed  artificially  with  20  grams  of  food  dailv 

the  birds^ndietC  whXrere  kiMexhiWted  IT*  £Pf ^ 

Of  impaired  glycogen  fprmation'Sge^Ob  lndlcation 

For  five*  normal  peons' theTfo^d  C°ndUCted  Similar  studies' 

glycogen;  for  five  pigeons  on  a  R.?d  ^  avfage  of  3.039  liver 

fed  twenty  days  on  a  B-free  diet  amf  th*^  °:129;  fo.r  five  birds 

yeast  autolysate  for  five  days  6  423  ner  cenfg/Ven  d,aJy  1  cc'  of 

y  ’  o.4Zd  per  cent  liver  glycogen.  The 
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Liver  Glycogen  Per  Cent 


Period 

C 

B 

A 

I 

2.81 

2.86 

3.79 

2.50 

2.88 

3.12 

3.23 

2.88 

3.12 

2.92 

3.27 

2.90 

0.56 

2.44 

2.90 

2.75 

2.75 

II 

1.38 

5.04 

3.97 

2.46 

5.04 

3.97 

0.38 

III 

3.32 

4.70 

3.95 

3.56 

4.70 

birds  apparently  were  not  artificially  fed,  and  the  indicated 
glycogen  depletion  in  B-deficient  birds  may  have  been  due  to 

In  the  later  studies  these  authors  made  comparisons  ot  the 
effect  of  heated  and  unheated  yeast  autolysate,  and  of  heated  and 
unheated  orange  juice  as  addenda  to  an  otherwise  B-free  pigeon 
diet  In  view  of  the  fact  that  the  yeast  autolysate  and  orange 
juice  were  heated  only  to  100  degrees  for  short  periods  of  time 
there  is  no  reason  to  suppose  that  any  considerable  fraction  of  t  e 
B,  which  they  contained  was  destroyed  as  the  aiithora  eVident  y 

intended.  Nevertheless,  the  authors  P^Port*d  to  1 intv.:“n^U 
pairment  of  glycogen  formation  in  the  liver  in  this 

aVltLater°and  more  elaborate  studies  on  pigeons  have  been  con¬ 
ducted  by  Abderhalden  and  Wertheimer  < 8  9  .  According  to  the 
findings  presented  in  the  first  paper  birds  fed  on  a  B,  free  diet 

Sh°:  S^f^c&having  suffered  an  average 

weight  loss  of  24  per  cent  showed  liver  glycogen  contents  as 

'°Wfi  Rhdsln  \he  ’early  stages  of  rice  feeding,  having  suffered 
only\Bfper^tewSttl  had  the  following  liver  glycogen 

contents:  U5;  1.0,  p'w’er'  stages^of  avitaminosis  but  without 
c  Pigeons  later  stages  o.  ^  ^  had  ^  following 

paralysis  and  with  a  weig  ..  «2.  j  7.  3.2;  6.4. 

liver  glycogen  contents  .  ,  •  »  •  ’  f’  19  r  cent  had  only 

d.  Starved  pigeons  with  a  weight  loss  y  2.10;  0.018. 

the  following  per* cent g^yc0^'  _  ]’ed  were  found,  after  ad- 

e.  Birds  which  had  become  p  Y  CQntain  the  following 

ministration  of  yeast  without  other  0  d,  t  7  2;  0.002; 

percentages  of  glycogen  in  their  livers.  4.  A  u.u 

°'33/:  Sied^igeons  subsequently  treated  in  the  same  way 
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with  autoclaved  yeast  showed  liver  glycogen  contents  of:  8.5; 
1.74;  0.072;  10.0;  1.0. 

In  the  second  of  these  papers  the  authors  reaffirmed  their 
previous  ideas.  They  believe  that  liver  glycogen  is  supernormal 
in  avitaminosis  and  that  the  administration  of  Bx  not  only  dis¬ 
sipates  the  paralytic  symptoms  but  also  reduces  liver  glycogen. 
In  the  series  of  experiments  described  in  this  paper  diets  were 
used  in  which  the  proportion  of  carbohydrate,  protein,  and  fat 
were  varied  over  wide  ranges.  As  a  result  they  conclude  that  the 
effect  of  protein  in  the  diet  in  the  absence  of  Bt  is  like  that  of 
carbohydrate,  namely,  to  bring  about  glycogen  formation  in  the 
liver,  and  that  the  so-called  sparing  action  of  fat  is  not  a  true 
sparing  action  but  simply  results  from  the  fact  that  less  glycogen 
is  formed  from  fat  than  from  either  carbohydrate  or  protein. 

It  is  not  possible  to  summarize  all  the  foregoing  experiments 
on  pigeons  so  as  to  develop  a  consistent  thesis.  Many  of  the  ex¬ 
perimental  difficulties  doubtless  arise  from  the  fact  that  the  liver 
glycogen  varies  widely  in  normal  animals,  from  individual  to 
individual,  and  from  hour  to  hour,  depending  on  the  time  and 
extent  of  feeding  and  the  rapidity  of  assimilation.  These  facts 
make  it  almost  impossible  to  establish  a  norm  with  any  degree  of 
precision.  In  addition,  in  avitaminosis  there  is  marked  impair- 
m®n*  of  ^Petite  and  of  the  ability  to  assimilate  food,  so  that 
whether  artificial  feeding  is  practiced  or  not,  polyneuritis  is  al¬ 
ways  complicated  by  a  greater  or  lesser  degree  of  inanition.  This 
makes  it  extremely  difficult  to  differentiate  between  the  effects 

^rvQtv!tai^n0+uS  VZ  ?e  a.nd  the  secondary  effects  of  partial 
-°n  the  whole>  the  results  of  Abderhalden  and  Wert- 

PJ?e°n!ure  moJe  numerous>  more  consistent,  and  more 
impressive  than  those  of  other  workers  in  the  field  It  is  ps 

SlMof  thf  ™VlCYes  Aew  experiments 
ml/  .  Bl  (°ryzamn)>  in  which  the  probability  of  effects 

greatly  n°tably  0ther  B  facto^>  is  very 

greatly  reduced.  These  results  appear  to  justify  the  very  tent/ 

“  Pigeons  uncomph- 

that  the  administration  of  B  ,glycoSen  storage  and 

utilhation  and  brings  about  L  decline  inhver'glycogen  g'yC°gen 

con^cffipZ^  *hich  h-e  been 

(9),  who  fed rats  of  100  to  150  b£  Eg«le‘?n  and  Gross 

of  100  grams  rice  starch  40 grams  “aseta  lo  ™  *  If. Consisting 
lemon  juice,  10  grams  salt!  Pont/T’  •  g?ms  butter>  10  c.c. 
same  diet  with  a!  addition  of  10  /he 

authors  found  a  verv  much  lnwpr  n-i  y^^st  extract.  The 

"*  end  "  However,  b»  killing  .mo.if  MemEal'S  “ 
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of  such  feeding  on  the  B-free  diet,  the  authors  concluded  that  a 
drop  in  liver  glycogen  occurs  more  often  in  the  first  ten  days  of 
avitaminosis.  This  would  indicate  a  genuine  impairment  of 
glycogen  storage,  but  the  conclusion  is  not  supported  by  details 
as  to  the  number  of  rats  used  or  the  individual  glycogen  values 
found. 

Westenbrink’s  experimental  results  with  which  he  concludes 
the  above-mentioned  review  ( loc .  cit.)  are  reported  in  very  much 
more  satisfactory  detail.  Groups  of  rats  between  150  and  200 
grams  in  weight  were  fed  for  five  to  eight  weeks  upon  the  follow¬ 
ing  diets: 


(A)  Normal 

500  parts  of  unbolted  wheat  meal 
1000  parts  of  whole  milk  powder 
5  parts  of  cod  liver  oil 

(B)  Bi  Deficient 

900  parts  washed  rice  meal 
30  parts  casein 
30  parts  salt  mixture 
100  parts  autoclaved  yeast 
10  parts  cod  liver  oil 

(C)  Thermostable  B  Deficient  .  .  . .  .  v 

Same  as  diet  D  with  0.3  per  cent  activated  acid  clay 

(D)  B  Complex  Deficient 

100  parts  casein 
100  parts  rice  starch 
40  parts  olive  oil 
50  parts  salt  mixture 
5  parts  cod  liver  oil 

All  rats  were  fasted  for  twenty-four  hours,  aftf  Jh“h 
a  few  controls  were  given  by  mouth  2  c.c.  each  of  5  p 
glucose  solution  and  killed  four  hours  later. 
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A  comparison  of  all  the  above  results  indicates  no  difference 
between  the  normal  rats  and  those  in  various  stages  of  avitamin¬ 
osis,  four  hours  after  administration  of  glucose. 

Further  experiments  on  normal,  fasted  rats  at  intervals  of 
two,  six,  and  eight  hours  after  administration  of  glucose  gave  the 


following  results: 

2  Hours 

6  Hours 

8  Hours 

1.9 

2.0 

0.4 

1.5 

1.1 

0.4 

1.3 

0.5 

0.3 

1.3 

1.4 

0.3 

Rats  fed  on  diet  D  to  approximately  40  per  cent  weight  loss 
prior  to  fasting  and  glucose  gave  these  values: 


2 


Hours 

0.3 

0.3 

1.8 

1.0 


Hours 

2.3 

1.2 

1.7 

1.1 


8  Hours 
0.3 
0.3 


As  regards  rats,  the  literature  conflict  is  not  serious,  since  the 
experiments  of  Eggleton  and  Gross  admittedly  involved  inanition. 
Westenbrink  seems  to  be  justified  in  concluding  from  his  rather 
extensive  experiments  that  glycogen  is  fairly  normal  in  the  liver 
of  rats  in  various  stages  of  B  avitaminosis. 

The  conclusion  that  liver  glycogen  is  sometimes  high  in  poly¬ 
neuritis  in  pigeons  but  usually  normal  in  B  avitaminosis  in  rats 
is  confirmed  by  other  work  not  covered  in  Westenbrink’s  review, 
bchrader  (10)  reports  a  frequent  occurrence  of  very  high  liver 
glycogen  as  well  as  high  blood  sugar  in  an  advanced  state  of  beri- 
ben  while  rats  appeared  substantially  normal.  These  papers, 
while  very  brief  and  lacking  in  detail  as  presented,  appear  to 

ofTnimalf  CeHtl0nai  y  th.or?Ugh1  st”dy  with  adequate  numbers 
of  animals  and  good  controls.  As  the  papers  are  probably  not 

T  it y  flac<;esslble>  l(  seems  well  to  review  them  in  some  detail 

on  200  rats  ^Pe„rnan.account.is  fjven  of  glycogen  determinations 
on  200  rats  and  30  pigeons,  also  200  blood  sugars  on  rats  and  100 

on  pigeons.  The  animals  were  fed  on  a  diet  containing??  n 
cent  sucrose  and,  presumably  casein  and  witc  a  +  i  g  i  Per 
was  supplied  to  all.  Vitamin’ B  was  YeaSt 

in  the  form  of  fuller’s  earth  adsorL^  Vn  i  contr?}  SrouPs 
diet  were  also  used  for  comparisons  Thp  or!trols  on  normal” 
for  twenty-four  hours  brfSS  +Th+e  ?a  S  Were  starved 
acid  and  killed  four  "hours  afterward^ p10?  °f  g  ucose  or.  lactic 
showed  that  125  to  500  me.  of  o-l.ipn  '  re^lrninary  experiments 
for  significant  results  Amounts^of  iA«f*Per  Was  ^est  level 
per  rat  were  found  nor^ 

rats,  even  though  half  neutralized  with  'sodium  hydrS 
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Lactic  acid  and  glucose  were  given  by  mouth.  In  certain  cases 
insulin  was  administered  subcutaneously.  Separate  determina¬ 
tions  were  made  of  liver  glycogen  and  body  glycogen,  i.e.,  on  the 
entire  body  minus  the  alimentary  tract  and  liver. 

In  the  case  of  pigeons  similar  methods  were  used  except  that 
10  to  15  grams  of  breast  muscle,  rather  than  the  entire  body,  were 
analyzed  for  glycogen.  No  specific  data  are  presented  in  this 
paper,  but  the  following  observations  were  noted: 


(1)  Beriberi  was  usually  accompanied  by  a  high  blood  sugar  in  the 
pigeon,  especially  during  the  final  stages  before  death.  In  some 
cases  a  value  twice  that  of  the  normal  bird  was  observed.  In  the 
rat  there  was  little,  if  any,  increase  in  the  blood  sugar.  This  dis¬ 
crepancy  can  possibly  be  explained  in  that  the  pigeons  were  force- 
fed,  whereas  the  rats  were  not.  The  rats  consumed  very  little 
food,  especially  during  the  last  week  to  ten  days. 

(2)  Beriberi  pigeons  appeared  to  be  more  susceptible  to  insulin  shock 
than  did  normal  birds.  This  was  found  to  be  due,  in  part  at  least, 
to  the  power  of  the  insulin  to  lower  the  blood  sugar.  The  symp¬ 
toms  of  insulin  shock  in  the  vitamin  B-deficient  bird  resembled  the 
actual  polyneuritic  symptoms.  Insulin  shock  was  apparently  pro¬ 
duced  at  a  higher  blood  sugar  level  in  the  vitamin  B-deficient  bird 
than  in  the  normal.  However,  the  simultaneous  administration  of 
glucose  and  insulin  prevented  such  a  pronounced  decrease  in  the 
blood  sugar  and  likewise  prevented  insulin  shock.  It  thus  appeared 
that  the  vitamin  B-deficient  bird  could  still  adsorb  glucose  from 
the  alimentary  tract.  No  similar  work  has  been  done  on  the  rat 

9iS  y6t  f 

The  cure  of  beriberi  in  the  pigeon  by  the  administration  of  brewers’ 
yeast  was  accompanied  by  a  return  of  the  blood  sugar  to  normal 
values  in  from  two  to  three  days.  .  .« 

(4)  Starvation  caused  a  depletion  of  liver  and  body  S 

vitamin  B-deficient  rat  as  well  as  in  the  normal  rat.  In  24  hou 
the  liver  glycogen  was  reduced  to  practically  zero  in  both  cases 
Both  d-glucose  and  r-lactic  acid  (one-half  neutralized  with 
NaOHl  induced  glycogen  formation  in  vitamin  B-defic,en  as  well 
as  normal  rats,  although  quantitative  differences  may  exist. 

In  cases  where  large  amounts  of  glucose  or  r-lactic  acid  were 
administered  to  rats  death  often  resulted.  This  was  especially  true 

22s:  “  aftt 

iasssa  ra?  k- - =• 

acid  apparently  converted  into  blood  sugar.  often 

(?)  1-r  glycogen,  as  well  as  the  high 

blood  sugar  previously  mentioned. 


(3) 


(5) 


(6) 
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In  conclusion  we  can  only  say  that  the  major  part  of  the  evidence 
thus  far  obtained  indicates  no  serious  defect  in  the  glycogen  formation 
or  glycogen  liberation  stages  in  the  vitamin  B-deficient  animal.  The 
evidence,  however,  is  not  yet  convincing.  The  fact  that  the  pigeon  and 
rat  results  have  not  always  been  in  harmony  may  be  due  to:  (1)  The 
pigeons  are  force-fed,  whereas  the  rats  are  not,  and  (2)  the  only  ration 
used  in  the  rat  work  to  date  has  been  the  high  sucrose  ration  3-G  upon 
which  the  rats  usually  die  before  exhibiting  actual  polyneuritis.  We 
are  at  present  trying  to  develop  a  ration  which  will  consistently  pro¬ 
duce  actual  beriberi  in  the  rat. 


The  1933  paper  deals  with  the  respiratory  metabolism  during 
thirty-minute  periods  four  hours  after  giving  glycogen  or  lactic 
acid  to  (a)  beriberic  rats,  (6)  Bx  deficient  rats  showing  no  symp¬ 
toms,  and  (c)  rats  on  Bj  adequate  diets.  Heat  production  was 
raised  17,  9,  and  15  per  cent,  respectively,  for  the  three  groups 
on  receiving  125  mg.  of  glucose  per  animal.  There  was  also  a  rise 
in  respiratory  quotient  in  all  three  groups.  The  glucose  ad¬ 
ministered  was  converted  into  glycogen  to  the  extent  of  53,  72, 
and  54  per  cent,  respectively,  for  the  three  groups. 

In  the  1934  paper  comparisons  are  made  of  the  glycogen  con¬ 
tents  of  starved  versus  unstarved  rats  which  had  been  fed  on  one 
of  two  Bi  deficient  diets  and  also  of  rats  which  had  been  fed  on 
one  of  two  Bx  adequate  diets. 


The  Quantity  of  Glycogen  in  the  Vitamin  B-Deficient  Rat  and 
Its  Ability  to  Deplete  This  Glycogen  during  Starvation 


Diet 

Number  of 
Rats 

Treatment 

Glycogen 
per  50-gm.  Rat 
(Mg.) 

3  G  * . 

13 

Starved 

78.6 

17 

Not  starved 

223.9 

552  T . 

47 

Starved 

112.4 

21 

Not  starved 

195.1 

562  plus  vitamin  B 

9 

Starved 

110.4 

13 

Not  starved 

225.1 

Stock  . 

26 

Starved 

113.5 

*  o  n 

3 

Not  starved 

324.8 

Difference 

(Mg.) 


145.3 
82.7 

114.7 

211.3 


+  ni»t  KKO  — ••  per  cent  oi  sucrose. 

t  Diet  552  contained  43.4  per  cent  of  sucrose  and  23  per  cent  of  fat. 

Evidently  the  capacity  of  B,  deficient  rote  ^  i 

in  the  liver  is  little  impaired  considering  ths  A  T  g1ly£Cogen 
rats  eat  less  food  nor  do  the  R  ng  that  the  B,  deficient 

to  utilize  storesof  liver  glycogeif  diirhiff^nr 3  t •  °Se  *he.caPa«‘y 
table  that  the  original  experimental  dJL f-JK*  re«ret- 
are  lacking  in  Schrader’s  reports.  '  lndlv'dual  animals 

Lajos  (11)  conducted  a  series  of  experiments  involving  large 
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numbers  of  animals  in  an  apparently  thoroughgoing  manner. 
He  administered  glucose  to  rats  that  had  been  starved  for  four 
days  and  slaughtered  them  at  intervals  of  time  ranging  from  20 
to  240  minutes.  When  the  glucose  was  accompanied  by  insulin, 
the  rise  of  liver  glycogen  and  muscle  glycogen  was  much  more 
marked  than  without  insulin.  The  rise  in  blood  sugar  following 
administration  of  glucose  was  markedly  less  when  insulin  was 
given  with  the  glucose.  The  reported  action  of  B1;  as  admin¬ 
istered  with  glucose,  was  similar  in  character  and  equally  marked 
in  all  three  respects  but  was  slower  than  that  of  insulin.  An 
apparently  fatal  defect  in  the  experiments  was  that  the  Bt  used 
was  the  International  Standard  adsorbate.  Fifty  mg.  of  this,  per 
100  gm.  weight  of  animal,  was  suspended  for  twenty-four  hours 
in  5  c.c.  physiological  salt  solution  and  then  filtered  off.  To  the 
filtrate  the  appropriate  amount  of  glucose  was  added  and  the 
solution  was  injected  into  the  peritoneum  According  to  all  our 
experience,  under  these  circumstances  the  vitamm  B,  would 
remain  adsorbed  on  the  acid  clay  and  would  be  discarded  with  it. 
Two  possible  explanations  occurred  to  us.  Either  the  observed 
action  of  the  extract  was  due  to  something  else  than  B,  or  the 
sodium  chloride  displaced  the  vitamin  from  the  clay  by  a 
permutit  type  of  action.  That  this  is  possible,  though  not  prob- 
ablewas  suggested  by  the  fact  that  Cerecedo  (12)  has  reported 
the  adsorption  of  Bi  by  artificial  zeolite  and  its  elution  by  sodium 
chloride  We  tried  this  expedient  with  fuller  s  earth  adsorba  e 
manv  vears  ago  without  success.  Messrs.  R.  E.  Waterman  and 
W  L  Sampson  have  kindly  studied  the  elution  of  1 tbe  "‘.amin 
'the  International  adsorbate,  and  communicated  their  re- 

£5  s  is 

thaTl^lo^’^^ts°wereedue  to^ome  otlm/substanTO'than  thiamin. 
h  Tn  this  connection  mention  should  be  made  of  some  evidence 

of  a^lit^  substance  con troUin^glycoge^storage^^deficmncy^of 

level,  especially  in  diabetics  possible  that  this  is  related 

to  some  extent  in  normals.  «  seems  possrme  workers 

to  the  substance  which  “  1 The ‘  refer to  as  Yakriton.  Many 

\  5,'SS.  ol  M.diei.e  refer!. 

B,  deficiency  on  blood  su|?  •  ,  "^er  above  cited,  dealt  with 
notably  Abderha'd^na3n„dlvclgen  in  their  experiments,  but  the 
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should  be  mentioned.  Bell  (15)  noted  a  marked  rise  in  “true 
blood  sugar”  during  polyneuritic  convulsions  in  pigeons  but  not 
in  rats.  This  author  believes  that  hyperglycemia  in  pigeons  is 
caused  by  nervous  stimulation.  In  rats  depletion  of  glycogen  is 
regarded  as  preventing  a  rise  of  blood  sugar.  Indeed  Bell  notes 
frequent  occurrence  of  hypoglycemia  in  the  last  stages  of  poly¬ 
neuritis  of  rats. 

Rats  and  pigeons  differ  markedly  as  B!  test  animals.  The 
latter  are  more  erratic;  the  time  required  to  develop  polyneuritis 
varies  more  widely  from  individual  to  individual,  the  proportion 
of  animals  which  develop  characteristic  symptoms  is  less  con¬ 
stant,  and  the  onset  of  the  symptoms  is  much  more  sudden  and 
intermittent.  Spontaneous  recovery  is  unknown  in  rats  but 
common  in  pigeons.  It  seems  very  probable  that  there  is  a  con¬ 
nection  between  the  differences  in  glycogen  metabolism  and  these 
contrasts  in  external  behavior. 


It  is  perhaps  of  interest  that  Corkill  (16)  has  found  marked 
contrasts  among  normal  animals  of  several  species  (rabbit, 
chicken,  ferret,  and  mouse)  with  respect  to  the  effect  of  insulin 
on  the  glycogen  contents  of  liver  and  mnsnlps  Fnr  oVQr™iQ 


case  ofTh™n,ltfte  terret’  and  CaUS6S  a  rapid  discharSe  in  the 
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Lewinson  fails  to  give  us  detailed  experimental  data  in  support 
of  many  of  his  conclusions. 

We  detect  a  hopeful  gleam  of  light  in  a  more  recent  paper 
(18)  by  Martin.  He  fed  depancreatized  dogs  on  a  diet  almost 
free  of  both  thiamin  and  riboflavin.  Despite  regular  and  abundant 
injections  of  insulin,  the  animals  developed  very  marked  hyper¬ 
glycemia  and  glycosuria  in  the  course  of  six  to  seven  weeks,  and 
death  followed  very  soon.  Increase  of  insulin  dosage  up  to  eight 
times  the  normal  only  temporarily  and  partially  rectified  the 
sugar  disturbance.  However,  administration  of  pure  thiamin  to¬ 
gether  with  pure  flavin  corrected  it  promptly  when  given  with  a 
normal  supply  of  insulin.  If  the  insulin  was  kept  at  the  high 
level,  the  administration  of  the  two  vitamins  induced  hypo¬ 
glycemic  shock.  Thiamin  alone  did  not  supplement  the  action 
of  insulin  detectably.  Transfer  of  the  dogs  to  normal  diets,  with 
regular  injections  of  insulin,  gradually  effected  the  same  cure  of 
the  sugar  disturbance  as  that  observed  on  giving  the  two  vita- 


We  consider  this  paper  so  suggestive  that  if  its  findings  are 
verified,  it  should  reopen  the  whole  question  of  thiamin  deficiency 
in  relation  to  sugar  disturbances.  It  seems  plausible  to  suppose 
that  a  necessity  for  action  of  the  two  vitamins  in  concert  could 
account  for  all,  or  nearly  all,  the  discrepancies  in  the  literature, 
especially  the  discrepancies  in  the  behavior  of  the  rat  and  the 
pigeon.  The  former  has  such  a  marked  need  for  riboflavin  that 
it  has  become  universal  practice  to  include  it,  or  a  good  source 
of  it,  such  as  autoclaved  yeast  in  experimental  diets  for  rats. 
Pigeons,  however,  reveal  so  little  need  of  it  that  it  is  quite  cus 
tomary  to  omit  autoclaved  yeast  or  its  equivalent  from  their 

diets. 

Summary  of  Conclusions 

Thpre  is  convincing  evidence  of  frequent  disturbance  of 
glycogen  storage  and  blood  sugar  in  B,  avitaminosis  Further 
fndications  of  this  are  found  in  clinical  experience  (Chapter  IV 

From  norma^  aTe  such  as  tomake  it  improbable  that  there  is  a 
mental  evidence  appear  to  be  associate  P  attendant 

! -  “■*"«** 

cause  of  the  disturbance. 
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CHAPTER  XXVI 


THIAMIN  IN  INTERMEDIATE  CARBOHYDRATE 

METABOLISM 

In  various  parts  of  this  book  there  are  sot  forth  reasons  for 
questioning  the  specificity  of  the  action  of  thiamin  with  respect 
to  one  body  function  or  another.  Thus  in  Chapter  XVII  we  have 
questioned  the  specificity  of  several  of  the  methods  of  assay  on 
the  ground  that  they  have  not  been  demonstrated  to  be  unaffected 
by  unknown  factors.  In  Chapters  XXII  and  XXIII  we  have 
thrown  doubt  on  the  evidence  of  specificity  of  standards  of 
thiamin  requirement  and  on  a  specific  relationship  of  thiamin 
to  reproduction,  lactation,  growth,  appetite,  or  individual  weight 
At  the  same  time  we  have  set  forth  what  appears  to  us  to  be  com- 
pehmg  evidence  that  thiamin  profoundly  affects  all  these  func- 
1S  Teire-y  the  sPeclficltV  of  *e  action  of  thiamin  which 

dTn  Ch’nn0/  l  ylvwrtaite  ln  relatlon  t0  these  matters. 

In  Chapter  XXIV  we  have  attempted  to  show  that  all 

of  animals  are  fundamentally  alike  in  their  thiamin  requirements 
the  differences  being  associated  with  dietarv  habits 
fundamental  differences  in  body  economv  The  foot*’  r°t  wlth 
habit  which  is  believed  to  be  responsMe'w  th  atUF®  °f  dletary 
variations  is  the  proportion  ot  carbohydrate^  fat  “and1,  SPetC1?S 
present  in  the  customary  food  T  ihpwiZ  .  aild  Protein 

is  outlined  the  evidence  affair^  ^  there 

specifically  to  do  with  controlling  th^V^  thlamin  alone  has 
glycogen  in  the  liver  or the ^  blooriSs  °raf  ?r  utilization  of 
evidence  is  available  that  these  features  ofTarK  tu°!}gh  abundant 
lism  are  frequently  markedly  distnrheri  •  ^hohydrate  metabo- 
Furthermore,  in "ussmv  ha  '*  thlan?ln  deficiency, 
occur  in  beriberi  and  other  loss  nmn^  Tl?  changes  which 
(Chapters  II  and  IV),  emphasis  has  ha»aCed  thlamm  deficiencies 
character  of  the  changes,  extending  in  grelte" ‘oMp6  Wj)deSPread 
all  the  organs  of  the  body.  The  great  Htoal  •*  ?  ,  degree  to 

uses  for  which  thiamin  has  been  recommanTj  y  °f  theraPeutic 
stantial  experimental  evidence  in  manv  a^’  not,without  sub- 
widespread  utilization  of  it  as  does7;i  y  •  also  reflects  a 
he  substance  in  the  various  tiluls  a^  to  the  distribution  of 
I  s  role  m  lower  forms  of  life  is  emphasized  inTh0^  foodstuffs. 
with  especial  reference  to  plants  and  microorgatosms  XXVI11 
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Thus  thiamin  appears  to  be  good  for  everything  and  at  the 
same  time  good  for  nothing  in  particular.  We  are  put  in  the 
position  of  appearing  hypercritical  of  the  conclusions  of  compe¬ 
tent  workers  on  many  points  to  the  extent  that  we  fear  our 
criticism  may  appear  wanton.  At  the  same  time  we  run  the  risk 
of  being  charged  with  credulity  and  with  recommending  thiamin 
as  a  panacea  for  all  human  ills  in  calling  favorable  attention  to 
the  diverse  character  of  therapeutic  uses  to  which  it  has  been  put 
and  advocating  its  trial  in  still  other  disorders. 

Whence  comes  all  this  specious  evidence  of  specificity  on  the 
one  hand  and  of  panacean  character  on  the  other?  The  answer 
to  this  question  is  to  be  found  in  the  present  chapter  and  lies  in 
the  fact  that  thiamin  plays  a  fundamental  role  in  intermediate 
carbohydrate  metabolism.  Unfortunately  this  chapter  cannot  be 
writen  completely  at  present,  as  the  chemistry  of  the  reactions 
involved  is  by  no  means  fully  elucidated.  However,  enough  is 
known  to  afford  great  confidence  that  further  work  will  only  serve 
to  fill  in  the  detail  of  a  picture  the  general  outlines  of  which  are 
already  clear. 

Our  knowledge  of  intermediate  carbohydrate  metabolism  is  as 
yet  very  incompletely  developed,  but  incomplete  as  it  is,  it 
already  provides  the  most  significant  revelation  for  which  modern 
biochemistry  can  claim  responsibility.  The  outstanding  fact  is 
that  the  metabolic  processes  concerned  take  place,  not  in  in¬ 
dividual  organs  as  a  whole  or  in  specialized  tissues,  but  in  the  cells 
themselves.  No  matter  how  specialized  the  tissue,  no  matter  what 
function  an  organ  may  serve  in  the  economy  of  that  complex  so¬ 
ciety  of  cells  which  constitutes  a  higher  animal  or  plant,  still  it 
carries  on  its  own  intermediate  carbohydrate  metabolism,  burn¬ 
ing  a  portion  of  its  food  to  supply  energy  needed  for  synthesis 
and  utilizing  the  remainder  of  the  food  for  that  synthesis.  Just 
as  in  a  complex  modern  society  external  human  relationships  in¬ 
volve  a  most  intricate  exchange  of  specialized  goods  and  services, 
so  the  liver,  the  brain,  the  kidney,  and  all  the  other  organs  per¬ 
form  functions  not  peculiar  to  their  own  needs  but  for  the  gen¬ 
eral  good,  an  idea  which  has  been  familiar  at  least  since  the  time 
of  St.  Paul.  Another  correlative  analogy  which  neither  has  been 
so  long  known  nor  is  so  well  appreciated  is  that  just  as  each 
individual  in  a  human  society  must  eat  his  own  food  and  keep  his 
own  home  fires  burning,  so  every  cell  regardless  of  its  function  in 
the  society  of  cells  contains  its  own  kitchen  and  heating  system. 

Moreover,  just  as  all  men,  rich  or  poor,  white  or  black,  digest 
their  food  by  the  agency  of  the  same  secretions  in  the  alimentary 
tract  so  al/cells,  we  are  led  to  believe,  carry  on  fundamentally 

the  same  process  of  intermediate  carbfoh/j™te0.%fa^re 
While  there  are  important  differences  of  detail  or  of  relativ 
preponderance  of  one  chemical  reaction  compared  with  anoth 
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between  the  human  brain  cell,  for  example,  on  the  one  hand,  and 
the  cell  of  yeast  or  staphylococcus  on  the  other,  the  striking  fact 
is  that  the  fundamental  mechanisms  are  common  to  all  cells, 
according  to  our  best  belief.  That  thiamin  constitutes  a  feature 
of  one  of  these  fundamental  mechanisms  is  becoming  more  and 
more  certain  in  recent  months.  This  goes  far  to  explain  why  it 
appears  specific  for  no  organ  or  function  of  the  body  but  im¬ 
portant  for  all.  A  further  perspective  of  this  far-reaching  concept 
is  found  in  Chapter  XXVIII  on  the  role  of  thiamin  in  lower 
forms  of  life.  That  some  degree  of  thiamin  deficiency  should  be 
so  common  in  human  beings  is  due  not  only  to  the  artificiality  of 
dietary  habits,  but  also  to  the  fact  that  the  body  is  not  thrifty 
with  its  thiamin  supply  (Chapter  XIX). 

There  is  abundant  evidence  that  carbohydrate  constitutes 
the  principal  fuel  of  cells  although  it  may  reach  the  cell  only 
after  undergoing  transformation  to  intermediates.  Also  there  are 
convincing  observations  to  the  effect  that  carbohydrate  metab¬ 
olism  is  fundamental  to  all  metabolism.  The  idea  that  the  de¬ 
veloping  embryo  re-enacts  the  steps  of  the  evolutionary  process 
of  the  species  is  very  familiar  and  is  widely  accepted  as  regards 
the  histological  changes  which  are  observed.  The  recapitulation 
of  evolutionary  history  is  not  limited  to  anatomical  features  but 
also  appears  to  extend  to  chemical  ones.  In  the  embryo  it  is 
carbohydrate  metabolism  which  is  first  observed;  protein  and 

hnally  fat  metabolism  begin  only  in  substantially  later  stages  of 
development. 

One  can  explain  the  varied  therapeutic  utility  of  thiamin 
only  on  the  ground  that  it  is  an  essential  for  the  metabolism  of 
all  cells.  A  deficiency  of  it  may  produce  conspicuous  defect  in 
whatever  organ  or  tissue  happens,  in  a  given  individual  to  be 
congenitally  subnormal  in  function  or  to  have  been  impaired  by 
past  disease  or  existing  unfavorable  circumstances  which  may  be 

=3  =5&s AS  T.'  .fc  ts 

should  give  us  confidence  that  the  groundwork  of  this  ‘W^hlCh 

^t^ 

objectives,  not  in  clinics  where  emmriral  itLp  f  the(?retical 

mattereof1utternsurpriseUto°thoseVhrrif<H0h* 

study  of  beriberi  for’two  or  &££$*%  SSffJ*  % 
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that  what  we  once  called  the  “beriberi  preventing  substance’’  is 
actually  important  therapeutically  in  geographical  areas  where 
beriberi  is  almost  unknown.  A  proper  skepticism  will,  of  course, 
make  due  allowance  for  the  psychological  element  in  human  ex¬ 
perimentation  and  disregard  all  subjective  evidence  of  benefit 
from  thiamin  therapy  unless  and  until  this  psychological  element 
is  eliminated  by  administration  to  parallel  control  individuals 
of  inactive  preparations  of  similar  appearance.  However,  re¬ 
peated  report  of  such  subjective  benefits  should  be  given  weight 
to  the  extent  of  justifying  further  open-minded  trial,  preferably 
under  rigidly  controlled  conditions. 


Carbohydrate  Metabolism  as  a  Stepwise  Process 


Reference  has  been  made  in  the  previous  chapter  to  the  in¬ 
terconversion  in  the  body  of  lactic  acid  and  glucose.  The  process 
whereby  this  conversion  takes  place  is  complicated  and  as  yet 
somewhat  uncertain.  According  to  Embden’s  ideas  the  process 
in  muscle  involves: 


1.  Conversion  of  the  hexose  to  a  diphosphoric  ester,  I  (see  below). 

2.  Hydrolysis  of  the  latter  to  form  two  triose  phosphoric  acids, 

II  and  III. 

3.  II  and  III  react,  the  former  being  reduced,  the  latter  oxidized 
by  dismutation,  a  sort  of  Cannizzaro  reaction,  to  form  glycerophos- 
phoric,  IV,  and  phosphoglyceric,  V,  acids,  respectively. 

4.  V  splits  to  form  pyruvic  acid,  VI,  and  phosphoric  acid. 

5.  VI  is  reduced  by  IV  to  form  lactic  acid,  VII,  and  a  molecule  of 

III  (which  can  now  reparticipate  in  reaction  3) : 


O 

CHr— OI^-OH 

io  X°H 

d^HOH 

CHOH 

d^HOH 

(^HjOP—OH 

N)H 

I.  Hexose 
Diphosphate 


O 

CHj — of* — OH 

io  X°H 

■  djHjOH 


HCO 

h 


+ 


o 

!HOH 

!H,OP— OH 

Ndh 


II  +  III  — ►-  CH 


O 

jof* — OH 

(WhXoh 

(^H2OH 


II.  Dioxy acetone  Phosphoric  Acid 


III.  Glyceric  Aldehyde  Phosphoric  Acid 


+ 


CH 

d:HOH 

iooH 


o 

,ol* — OH 
Ndh 


IV.  Glycerophosphoric  V.  Phosphoglycenc 
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CH, 

1  — >-  io  +  H,PO< 

COOH 

VI.  Pyruvic  Acid 


VI  +  IV 


CH, 

CHOH  +  CHOH 

iooH  hco 

VII.  Lactic  III 


O 

l-c 


CH,OP— OH 
(lF^XOH 


II  and  III  above  are  regarded  interconvertible  by  intramolecular  oxida¬ 
tion  and  reduction. 


Each  of  these  steps  is  controlled  by  an  enzyme  of  more  or  less 
specific  character.  Each  is  regarded  as  reversible,  the  enzyme 
functioning  to  promote  the  transformation  in  either  direction  to 
equilibrium.  Which  direction  prevails  at  any  moment  is  de¬ 
termined  by  the  respective  concentrations  of  reactant  and  re¬ 
action  products,  etc.  Each  of  the  enzymes  is  subject  to  adverse 
influences,  such  as  poisons,  which  may  retard  or  even  inhibit  the 
reaction  altogether. 

Meyerhof  has  interpreted  alcoholic  fermentation  as  an 
essentially  similar  series  of  steps  involving  in  addition  the  in¬ 
termediate  acetaldehyde  and  the  end  product,  alcohol* 


(а)  Glucose -^glucose  diphosphate—^  glycerophosphate  -hphosphoglycerate 

(б)  Phosphoglycerate  — >-  pyruvate  — »-  acetaldehyde  (CH,CHO) 

(c)  2  CH.CHO  +  1  glucose -°^°T  2  ChH.OH  +  2  phosphoglycerate 


Again  a  series  of  specific  enzymes,  some  of  them  common  to  the 

cTnf” ^educhg1 'powtr  r  substdehydr0hSefeS’  ^ 
readily  reduced  e  a  PSUcc7n?o  m^i  7,Wh/Ch  are  not  otherwise 
which  might  seem ’to  be  of  possiWe  In ter'C  wdS'  A"  examPle 
dehydrogenase,  which  converts  d-glucose*  into’ IgXclfe* 


ch2oh  ch2oh 

(CHOH)4 — (CHOH)4 
CHO  COOH 
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As  it  turns  out,  this  oxidase,  as  well  as  many  others,  have  no 
knowm  connection  with  thiamin  action,  but  a  somewhat  kindred 
dehydrogenase  seems  likely  to  be  of  importance  in  this  connec¬ 
tion,  namely,  the  lactic  dehydrogenase  which  is  capable  of  oxidiz¬ 
ing  lactic  acid  to  pyruvic  acid : 


CHiCHOHCOOH  -  2  H 


CHjCOCOOH 


The  aerobic  oxidases  serve  to  hasten  the  oxidation  by  at¬ 
mospheric  oxygen  of  substances  which  are  slowly  subject  to 
oxidation  even  in  the  absence  of  the  catalyst.  Typical  examples 
are  ascorbic  acid  (vitamin  C)  and  the  phenols.  Still  another  sub¬ 
stance  which  has  a  relationship  to  both  classes  of  oxidases  is 
cytochrome,  which  appears  to  function  in  the  cell  as  an  inter¬ 
mediary  between  them.  Thus  oxygen,  activated  by  indophenol, 
is  able  to  oxidize  cytochrome,  which  can  in  turn  be  reduced  by 
various  dehydrogenases.  The  dehydrogenase,  after  undergoing 
such  oxidation,  is  thereby  restored  to  its  initial  condition  and  is 
again  capable  of  abstracting  hydrogen  from  the  substrate,  e.g., 
lactic  acid.  Cytochrome  may  function  in  this  way  as  the  re¬ 
activator  of  succinodehydrogenase  also.  The  latter  enzyme  con¬ 
verts  succinic  acid  into  fumaric,  but  since  this  reaction  is  ap¬ 
parently  not  related  to  thiamin  function  in  a  direct  way,  we  shall 

S  The  various  enzymes  are  regarded  as  consisting  of  two  parts, 
the  one  a  protein,  the  other  a  simpler  substance  called  a  coenzyme. 
In  many  instances  these  two  component  parts  of  an  enzyme  can 
be  separated  from  one  another.  When  separated,  neither  pos¬ 
sesses  enzyme  activity,  but  it  can  often  be  restored  simply  by 
rnixine  the  two.  In  a  number  of  instances  the  coenzyme  has 
been  isolated  and  identified  and  in  a  few  cases  has  been  repro¬ 
duced  synthetically.  Of  course,  we  know  much  less  about  t 
,  •  nnrtions  of  the  enzymes  than  about  their  simpler  com- 

SSSS  substances.  Indcdfim.  n»y  «1» 

may  be  thought  to  imply  an  external  actrvato  oiU»  ym 

dS  one'is^ustified  in  fhanviee"'- 

Kore"" ^formation  on  enzyme  systems  the  reader  is 
referred  to  a  special  work  on  the  subject  (1). 


CARBOHYDRATE  METABOLISM 


337 


Deficiency  of  Oxidases  in  Tissues 

A  valuable  method  for  the  study  of  oxidase  or  dehydrogenase 
systems  has  been  by  the  use  of  methylene  blue,  which  is  reduced 
to  the  colorless  leuco  base  by  those  metabolites  which  play  the 
role  of  hydrogen  donators.  Ever  since  Dutcher  (2)  suggested 
that  vitamin  Bx  might  well  function  as  an  oxidative  catalyst, 
this  idea  has  been  explored  by  many  investigators,  several  of 
whom  used  the  methylene  blue  technique.  Although  there  were 
many  bits  of  evidence  in  favor  of  the  theory  that  there  is  impair¬ 
ment  of  oxidation  in  vitamin  Bt  deficiency,  the  earlier  experi¬ 
ments  proved  inconclusive,  partly  on  account  of  complications 
due  to  the  multiple  nature  of  the  B  complex  and  still  more  be¬ 
cause  of  inanition  which  commonly  accompanies  experimental 
polyneuritis.  Thus  a  lowered  basal  metabolism  and  diminished 
C02  output  in  Bj  deficiency  could  equally  well  be  accounted  for 
as  a  result  of  inanition  or  of  impaired  oxidative  function.  Westen- 
hafl  reviewed  critically  fifteen  studies  of  the  subject 
which  made  use  both  of  manometric  methods  and  of  colorimetric 
techniques  of  the  methylene  blue  type  and  concluded  that  no  sig¬ 
nificant  difference  exists  as  to  the  respiratory  power  of  polv- 
neuntic  tissues  as  compared  with  normal  ones.  Drummond  and 
Marrian  (4)  accounted  for  the  low  body  temperature  in  experi- 

„P±TntlS  “  uto  ^tion.  Whin  the  temperature 
of  the  animal  was  raised  by  immersion  in  a  warm  bath  the 
metabolic  rate  and  the  oxygen  consumption  rose  likewise.  ’ 

Catatorulin  Action  of  Vitamin  Bx 

sites  4 taKir 

“  »P*M.  of  u;d,,S«ySM.&h,.„TdS0t‘  “!mv° 

The  discovery  that  riboflavin  vitamin  R  fn  5  *  revers;b!V- 

phosphoric  ester,  constitutes  the  prosthetic  ctoud  of  /n™'^  'tS 
ensyme  (see  Chapter  X)  also  gave  it  a  s  LXf  l  ?  °xldlzlI}g 

the  theory  has  held  its  position  on  the  baS  theXn  ab°V® 
experiments  by  Peters  and  hi«  .  Dasis,ot  ,the  long  series  of 

found  a  reduced  oxygen  uptake  in  nS^8’  h^Ve  consistently 
brain  tissue,  which acXdinf =  >n  polyneuntw  tissue,  especially 

stored  toward  noSijKSft^,  of  tn ^  r?sults’  can  be  be¬ 
havior  of  thiamin  S  often  refermd  to  ~  vitro •  This  be- 

On  the  other  hand  the  still  m nr  as  the  catatorulin  effect, 
by  Lohmann  and  Schuster  of  a  nvmntfX  ls.olati°n  from  yeast 
which  appears  to  act  as  a  part  of  ^  °,phosPhor!c  ?ster  of  thiamin 

tern  introduces  a  new  complication  (see'cha'pter  XlvfspecX 
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cally  Lohmann  and  Schuster  attribute  to  it  the  power  to  promote 
a  reaction  which  involves  no  oxidation: 


CH.COCOOH 
Pyruvic  Acid 


CHjCHO  +  C02 
Acetaldehyde 


The  essential  question  at  the  moment  seems  to  be  whether 
thiamin  has  to  do  with  oxidation  or  with  decarboxylation  or  both, 
and  in  any  case,  how  the  two  processes  are  related  to  one  another 
as  they  seem  to  be  in  many  of  the  experiments  so  far  performed. 

In  considering  this  topic  we  must  first  review  Peters’  work  on 
respiration  of  brain  tissue  in  some  detail,  correlating  it  as  fully 
as  possible  with  the  contributions  of  other  workers  along  parallel 
lines.  Peters  has  contributed,  in  recent  years,  three  reviews  of 
the  status  of  the  problem  (5-7).  Each  of  these  reflects  suc¬ 
cessively  some  alteration  of  previous  viewpoint  arising  out  of  new 
developments  of  intervening  months.  The  latest  ( Chemisch 
Weekblad)  alone  takes  into  account  the  discovery  of  cocar¬ 
boxylase  by  Lohmann  and  Schuster,  which  was  not  announced 
till  early  in  1937.  We  shall,  therefore,  direct  our  attention  to 
this  latest  review. 

The  prominence  of  the  nervous  symptoms  in  polyneuritis  and 
particularly  the  prompt  response  to  the  administration  of  thiamin 
raise  an  insistent  question  as  to  the  cause  of  the  convulsions  and 
the  site  of  the  prompt  curative  action  of  thiamin.  Having  in 
mind  the  previous  semi-conjectural  association  of  thiamin  with 
carbohydrate  metabolism,  Kinnersley  and  Peters  (8)  were  inter¬ 
ested  in  the  presence  of  supernormal  amounts  of  lactic  acid  in 
the  brain  in  correlation  to  a  degree  with  the  severity  of  symptoms. 
The  evidence  adduced  by  Holmes  and  Holmes  (9,  10)  is  that 
lactate  is  oxidized  by  brain  tissue,  but  is  not  resynthesized  to 
sugar  in  the  brain.  This  simplification  gave  ground  for  hope  that 
the  brain  system  would  prove  peculiarly  amenable  to  chemica 
studv  of  carbohydrate  metabolism.  To  avoid  the  serious  compli¬ 
cation  of  experimental  results  due  to  the  rapid  postmortem  for- 
matkmof6  lactic  acid  in  the  tissue,  a  technique  was  devised  to 
annlv  liquid  air  to  the  tissue  at  the  moment  of  death  or  to i  kill 
the  pigeons  with  iodoacetate,  which  stops  the  formation  of  lac  ic 
acid  If  the  respiration  of  the  tissue  is  to  be  studied  subsequent  y, 
iodoacetate  must,  of  course,  be  avoided  in  some  cases  on  account 

at  pH  7.3  in  the  presence  of  added  to’ observe 

subsequently  discovered  as  com- 

a  lessened I  oxygen  Uptake  '  P  most  marked  in  the 

pared  with  normal.  The  abnorma  and  sti„  less  in  the 

r°ePst  ol°thee  bra.™et  the  absence  of  added  substrates  the  difference 
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could  not  be  observed.  More  striking  still  was  the  observation 
that  the  addition  of  thiamin  in  the  form  of  concentrates  or  as  the 
pure  substance  to  the  medium  would  increase  the  oxygen  uptake 
of  the  polyneuritic  tissue  in  vitro  (11,  12)  (Fig.  18).  This 
effect  of  thiamin  is  not  observed  in  brain  tissue  of  normal  birds 
or  of  starved  birds  and  is  evidently  specific  for  polyneuritis.  Tis¬ 
sues  from  scorbutic  animals  or  B2  deficient  animals  do  not  show 
it.  When  polyneuritic  birds  are  cured  with  thiamin,  the  effect 


Drain  us- 


o«“’  StZ'Sml  !!T “  Mr0 » 

milligrams  of  tissue  to  take  ,!Si  thiamin  can  cause  100 

control  in  two  hours*  This  indicant  Y  m°re  oxyge,n  *an  the 

since  thousands  of  times  more  oxygen  if  taken  unthf 
be  consumed  in  the  oxidation  of  th  j  jS  } UP  ™an  wouW 

Of  1  atom  of  oxygen  per  mole  ®  added  thlamin  in  the  ratio 

of  tMamin^tionTut tt  fifreff  °xidase  coenzyme  *eory 
a  particular  enzyme  system  Peter?  ?  a,SSOClate  the  “‘ion  with 
of  Drummond  anKrian  U ) anrt L  ?\rePeated  earlier  work 
oxidation  of  polyneuritic  tissue  in  «  fa'  ed  to  detect  a  diminished 
evidently  does  not  have  todf^th  “W6  m?dium-  Thiamin 
does  it  apparently  have  to  do  directl  of  succinate.  Nor 
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observation.  Brain  systems,  like  muscle  systems,  are  capable  of 
converting  lactate  to  pyruvate.  Moreover,  avitaminous  brain 
tissue  respiring  in  lactate  medium  for  two  hours  produces  meas¬ 
urable  amounts  of  pyruvate,  and  the  amount  which  accumulates 
is  reduced  by  the  presence  of  added  thiamin — also  a  point  of 
crucial  importance.  Peters  believes,  largely  on  this  evidence, 
that  the  dehydrogenase  which  normally  converts  lactate  to 
pyruvate  is  unimpaired  in  polyneuritic  brain  tissue  in  spite  of 
the  fact  that  lactic  acid  accumulates  in  abnormal  amount  in 
such  tissue  in  vivo.  He  accounts  for  this  very  reasonably  by  cal  - 
ing  attention  to  the  finding  of  Green  and  Brosteaux  (15)  that 
pyruvic  acid  in  a  concentration  of  0.04  M  inhibits  completely  the 
action  of  lactate  dehydrogenase.  Accordingly  lactate  accumulates 
because  pyruvate  has  done  so.  Normal  brain  respires  more  rap¬ 
idly  in  pyruvate  than  in  lactate;  polyneuritic  brain  shows  the 
reverse  behavior.  The  effect  of  added  vitamin  on  polyneuritic 
tissue  in  pyruvate  medium  is  poisoned  by  fluoride,  lodoacetate, 
or  dichlorethylsulfone,  but  the  significance  of  these  facts  is  not 

'‘"The  catatorulin  effect  of  thiamin  is  also  observed  in  the  tissues 
of  the  polyneuritic  rat  (16)  and  of  the  chicken  (17).  y 
is  also  found  in  the  blood  of  avitaminous  rats  and  pigeons  (18). 
Accordingly  the  phenomenon  must  be  regarded  as  a  general  one 

and  characteristic  of  polyneuritis  though  perhaps  n? -presence 
Peters  however,  cautions  against  the  view  that  the  presence 
rfpS  acidTcauses  the  symptoms^  Attempts  toproducethe 
Vw  insertion  of  Dvruvate  have  failed.  Also  De  Jong 
09)P  could  not  correlate  the  increase  in  bisulfite-bmd ing Amb¬ 
iance,  in  the  blood  with  the  severity  of  symptoms.  The 

*»“>*  assess  srimpM* 

br? ■jsss » i  ^ 

committing  himself.  around  for  doubting  whether 

There  seems  to  be  a  reX  “mDtoms  of  polyneuritis  by  in- 
the  attempts  to  reproduce  J*e,  ?  £  aJ\  have  been  exhaustive. 

jection  of  pyruvic  acid  (or  methy  g  y  M_d  found  tQ  be  present 

In  view  of  the  large  a.m°u  f  ;nterest  to  try  doses  of  pyruvate 
in  the  body  (21),  it  might  be  of  mteresl i  to  y  nt(d  ani 

as  high  as  1  to  5  grams  Per  kite 'and  to  u  ^  ^  body,g  g  f 

mals  previously  depleted  of  the  grea  p  be  able 

thiamin.  Nothing  could  known  intermediate 

to  bring  on  typical  symptoj"' 5.  y*hi  connection,  attention  should 

be  Tailed  toThe  ^Symptoms  may  often  be  brought  on  in 
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rats,  or  more  particularly  in  pigeons,  which  are  on  the  verge  of 
polyneuritis,  by  frightening  the  animal  into  strenuous  physical 
effort. 

We  may  regard  the  above  studies  as  establishing  almost  be¬ 
yond  question  that  there  exists  a  defect  in  the  pyruvic  (and  inci¬ 
dentally  lactic)  acid  disposal  systems  of  the  brain  in  polyneuritis. 
Independent  evidence  exists  of  the  lactic  acid  disturbance,  but 
it  is  not  flawless.  Findlay  (22)  noted  lower  glyoxalase  content 
of  the  liver  in  polyneuritis  and,  arguing  on  the  basis  of  Neu- 
berg’s  theory  that  glyoxal  (pyruvic  aldehyde)  is  the  predominant 
precursor  of  lactic  acid  in  muscle,  connected  the  lowered  gly¬ 
oxalase  with  a  lowered  carbohydrate  metabolism.  More  direct 
evidence  was  supplied  by  Kinnersley  and  Peters  (23),  who  not 
only  detected  excess  lactic  acid  in  the  brain  but  found  that  the 
distribution  of  the  excess  in  various  parts  of  the  brain  cor¬ 
responded  to  the  subsequently  discovered  localization  of  di¬ 
minished  respiration.  Lecoq  (24)  introduced  5  per  cent  lactic  acid 
m  a  Bj  deficient  diet  and  reported  earlier  development  of  poly- 
pigeons  and  an  enhanced  need  for  yeast  to  prevent 
the  development  of  symptoms.  Quite  contrary  results  have  been 
reported  by  Schrader  (25)  in  rats.  A  poorer  utilization  of  d-glu- 
cose  was  noted  in  the  deficient  animals  but  no  definite  indication 
of  a  breakdown  m  the  lactic  acid  metabolism.  The  use  of  0.3  gm 
to  0  5  gm.  daily  of  lactic  acid  in  the  diet  did  not  hasten  the  onset 
of  the  symptoms.  Guha  (26)  found  no  acceleration  of  the  de- 
velopment  of  polyneuritis  in  pigeons  by  administration  of  lactate. 
Thompson  and  Johnson  (27)  found  large  amounts  of  bisulfite- 
binding  substances  in  the  blood  of  polyneuritic  pigeons  and  rats 

CTer  ^Chapter  XXVII  rT’ ^  ^  PyrU™  ^  (Se^ho^ 
in  R  2’  regarding  the  occurrence  of  methvlglvoxal 

zone*  from 'the  blood°  of  R11  ^  is°'ated  Pyruvic  acid  ** a  hydra- 

with  certaintv  in  thfl/  51  deficie.nt  pigeons  but  could  not  find  it 

St  ?$ 

also  note  its  presence  K1f  j  ,aylor>  and  Weiss,  who 

of  its  occurrC  aa  in  of  ?ealt-bt  Up°£rthe  Specificity 

assume  that  the  difficulties  of  ^Cie-cCy‘  We  may  safely 

tissues  after  deathls  wen  L  lhose  nf ‘f  T3"*  chan«es  in  the 
b.d,  fluids  »d  tU.au,  h„,  'Z'CbfiS  S3A 

..li'Cu.Thi  bSiTB''dri” t'.uKtu-Ur.dia, 
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vealed  a  more  rapid  rate  of  its  removal  from  the  blood  of  normal 
as  compared  with  avitaminous  chicks  (32).  They  also  studied 
anaerobic  glycolysis  in  brain,  heart,  kidney,  liver,  and  muscle,  and 
established  that  the  formation  of  lactic  from  pyruvic  acid  is 
normal  in  avitaminous  chick  tissue  and  that  there  is  no  anaerobic 
accumulation  of  pyruvic  acid.  Added  Bt  had  no  influence  on  the 
results.  Its  action  appears  to  be  limited  to  the  oxidative  metab¬ 
olism  of  these  intermediates  (33).  (Compare  this  with  Krebs 
and  Lipmann’s  results  discussed  below.)  This  suggests  that  the 
pyruvate  formed  in  avitaminosis  is  produced  by  an  oxidative 
process,  most  probably  by  lactic  dehydrogenase,  and  that  the  con- 
version  of  pyruvate  to  lactate  is  not  the  principal  route  for  dis¬ 
posal  of  pyruvate.  As  far  as  is  concerned,  we  seem  to  be  deal¬ 
ing  with  the  forward  reaction,  not  the  reverse,  in  the  following 

series  i 

CH »CHOHCOOH  CH,COCOOH 

This  is  in  accord  with  Peters’  view  that  thiamin  has  to  do  with 
the  disposal  of  pyruvate  but  does  not  tell  us  whether  this  disposa 
is  an  oxidative  process.  Sherman  and  Elvelyem  also  found 
(17  34)  that  while  lactate  oxidation  is  not  affected  by  added 
thiamin  in  the  case  of  the  brain  of  avitaminous  chicks,  it  is  in¬ 
creased  in  the  case  of  the  heart.  Further  additions  of  pyruvate 
inhibited  the  lactic  acid  dehydrogenase  m  avitaminous  heart 
and  kidney  tissues.  Similar  respiration  studies  on  a  Py™vat® 
substrate  showed  increased  oxygen  uptake  nearly  to  normal,  y 
addition  of  thiamin  to  cerebrum  and  kidney  tissues  from  B, 
deficient  chicks.  This  was  accompanied  by  an  increase d  remova 
of  nvruvate.  Thus,  in  a  general  way,  Peters’  results,  which  have 
Kpir^pon firmed  elsewhere,  are  shown  to  be  more  or  less  apphcab  e 
toother1  poljoieurUic  tissues  than  the  brain  and  to  other  specres 

thapeters*has°been  strongly  disposed,  presum^ly^ec^e^o^the 

extent  of  his  experiments  on _  ?  ? s  disposed  of  by  an  oxidative 
uptake,  to  believe  that  pyruvic  acidisd  p  °  he  calls  at_ 

process  which  thiamin  some  o  y  found  to  decolorize 

tention  to  the  fact  that  ,  dehydrogenated  thiamin 

methylene  blue  (35).  Lip  oxidized  it  to  thiochrome,  but 

(36)  and  Barger  and  others  ha^q°^d^eversible.  Krebs  (37) 

usrasflajsw  *-d  •— 
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as  well  as  fumaric  and  ketoglutaric  acids,  activate  this  dismuta- 
tion.  Crude  preparations  of  thiamin,  perhaps  containing  the 
pyrophosphoric  ester,  promoted  it,  but  pure  thiamin  did  not. 
Moreover,  Peters  (39)  was  not  able  to  parallel  in  brain  tissue 
Krebs’  earlier  experimental  results  with  cocci,  and  in  a  recent 
paper  (40)  Krebs  is  reported  to  have  abandoned  the  idea  him¬ 
self.  However,  Hills  resolutely  adheres  to  the  view  that  Staphylo¬ 
coccus  causes  such  a  dismutation  and  that  it  is  promoted  by  the 
presence  of  thiamin  (41).  He  attributes  Krebs’  failure  definitely 
to  detect  such  an  effect  of  thiamin  to  the  presence  of  thiamin  in 
the  basal  medium  (broth  agar).  By  use  of  modified  medium, 
Hills  is  able  to  demonstrate  the  effect  (42). 

McGowan  (43)  found  that  the  pyruvate  which  disappears  in 
respiration  experiments  with  normal  brain  in  pyruvate  phosphate 
medium  is  in  excess  of  the  equivalent  of  the  oxygen  which  would 
be  consumed  by  the  reaction  : 


CHsCOCOOH  +  50  — 3  C02  +  2  H20 

From  his  experiments  one  would  conclude  that  about  one  fifth 
or  more  of  the  pyruvic  acid  escapes  complete  oxidation.  The 
respiratory  quotient  for  washed  normal  brain  was  found  to  be 
about  1.30,  whereas  the  theoretical  for  pyruvic  acid  is  1  20  This 

brain8* When* the  “  *7  “  “P^tely  o^zed  in  nor^ 
The  paper  by  McGowan  and  Peters  whirh  ic  u  j- 

triy  °xidiS  w 

wUhltt To'wTn  inteTe d-  7^4  ^ 

They  did  not  findZt  oxwen  nn^t  Wh'?h  is  then  oxidized, 
keto  acids  (a  ketoglutaric  IU  wa*  lncreased  by  adding 
to  Pyruvate  subsTr^^^  or  succinnic) 

which  thiamin  plays  a  nart  is  not  „  *hat  fhe  0xidase  system  in 

specific  for  pyruvate.  This  would^seem  t^ diff oxid,ase  but  is 
enzyme  system  from  the  carboxylase  of  IV  dlffer“t,ate  this 
keto  acids  generally.  y  '  NeuberS,  which  acts  on 

The  pyruvate  oxidase  coenzyme  theorv  nf 

not  appear  to  be  making  much  headwav  h,  f  ,t^la.min  action  does 
fact  remains  that  a  large  increase  in  th?  11ncontrovertible 

the  removal  of  pyruvate  by  brain  tissue^  Uptake  accompanies 

acidsTn  the  urine'of  "T  the.  findin* 
Chem.  and  Ind.  67,  212,  1938™  '***  m  the  breakdown  of  pyrm^c^cld^Krebs’ 
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than  as  a  coenzyme  for  carboxylase,  which,  as  Neuberg  described 
it,  converts  pyruvic  acid  to  C02  and  acetaldehyde.  He  believes 
that  the  colloidal  carrier  of  the  carboxylase  is  different  from  that 
of  the  dehydrogenase.  The  former  is  present  in  yeast,  the  latter 
in  the  bacteria  with  which  Lipmann  experimented.  With  these 
bacteria  he  found  that  the  anaerobic  decomposition  of  pyruvic 
acid  was  only  about  one-fifth  as  great  as  the  aerobic  as  judged 
by  oxygen  uptake,  C02  evolution,  and  pyruvate  disappearance. 
With  well-washed  bacteria  the  anaerobic  disappearance  of  py¬ 
ruvate  could  be  brought  nearly  to  zero.  From  these  facts,  includ¬ 
ing  the  existence  of  a  respiratory  quotient  of  about  2,  Lipmann 
concludes  that  a  pure  dismutation  or  a  pure  decarboxylation  is 
out  of  the  question,  and  that  there  is  simultaneous  loosening  of 
hydrogen  atoms  as  decarboxylation  occurs  in  a  single  reaction: 

CHjCOCOOH  — ►-  CH»COOH  +  COt 


Free  thiamin  does  not  function  in  this  system,  only  its  pyro¬ 
phosphate.  Because  of  this  fact,  we  do  not  like  to  refer  to  thiamin 
pyrophosphate  as  cocarboxylase.  This  name  emphasizes  only 
one  aspect  of  its  physiological  activity  and  should  be  reserve 

for  that  aspect. 


Possible  Synthesis  of  Fat  from  Pyruvic  Acid 

Still  another  line  of  suggestion  as  to  the  role  of  thiamin  is 
now  developing.  McHenry  (57)  reported  a  complementary  ac- 
tion  of  choline  and  thiamin  in  increasing  the  weight  of  7°u  * 
rat"  However,  an  increase  in  the  liver  fat  of  the  animals  kept 
on  a  low-choline  diet  was  induced  by  administration  of  thia  ^ 
PVinlinp  has  been  shown  to  decrease  the  liver  fat  (58),  tne  tjvo 

5Tn»:  regularly  .  »  ,h.  X"pS 

the  food  intake  was  contr  U  ^  ^  on  Uver  fat  was  also 

feeding  method  (59).  1  fh  the  body  fat  of  the  animals 

marked  on  fat-free  diet  .  ’  f  t  an(j  produced  a  quite  sig- 

paralleled  in  a  general  way  ,  ,  effect  which  became  very 

nificant  effect  on  total  body  weight  (an  effect  ^  a  pre. 

Uminary^exjmrimemt^he "removal  of  the  hypophysis  eliminated 

the  effect  of  B,  on  the  fj^bee'n  briefly  reported  a  few 

Similar  results  as  to  body  fat  had  been  v  feeding 

weeks  previously  by  developed  9.4  per  cent 

experiments  using  fat-free  >  j  3  3  ner  cent  fat  without 

body  fat  with  B,  addendum  and  only™  per*,  ^ 

Bv  The  authors  suggested  that  hi  p  y 
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carbohydrate  to  fat.  These  authors  have  since  pursued  their 
studies  (61)  by  observing  the  respiratory  quotients  of  normaland 
deficient  rats  after  injection  of  glucose.  The  former  averaged 
1.15,  the  latter  0.85.  When  polyneuritis  developed,  the  respira¬ 
tory  quotients  averaged  0.79  but  rose  on  the  injection  of  0.1  mg. 
of  thiamin  to  1.48.  As  the  characteristic  respiratory  quotient  for 
combustion  of  fat  is  0.7,  protein  0.8,  and  carbohydrate  1.0,  a 
higher  quotient  than  1.0  is  evidence  that  another  reaction  is  in 
progress.  This  might  be  the  combustion  of  substances  already 
partly  oxidized  ( e.g pyruvic  acid,  R.Q.  =  1.2)  or  the  utilization 
of  oxygen  of  carbohydrate  for  combustion  of  some  of  its  own  car¬ 
bon  atoms,  the  remaining  atoms  being  reduced  to  alkyl  chains. 
The  latter  condition  would  be  fulfilled  by  the  conversion  of 
carbohydrate  to  fat.  The  above,  therefore,  is  essential  for  syn¬ 
thesis  of  fat  in  the  body. 

There  are  in  the  literature  some  conflicting  data  on  the 
respiratory  quotient  in  thiamin  deficiency.  In  general,  it  has 
been  found  to  be  lowered.  Abderhalden  and  coworkers  (1920— 
1922)  and  Caridroit  (1922)  found  values  of  0.75  to  0.78;  Ramoino 
(1916)  0.44.  Van  Berkhout  (1926)  found  a  lowered  C02  output, 
which,  however,  Drummond  and  Marrian  attributed  to  the  in¬ 
activity  of  the  sick  birds  (4).  G.  A.  Schrader  (25)  reports  a 
respiratory  quotient  of  1.26  in  Bi  deficient  rats  as  well  as  in 
normal  ones  on  a  high  carbohydrate  diet. 

In  a  more  recent  communication  McHenry  (62)  says,  “There 
is  no  doubt  that  the  vitamin  permits  the  oxidation  of  pyruvic 
acid  by  brain  tissue  m  vitro,  and  the  explanation  may  be  com- 
pletely  satisfactory  for  that  tissue.”  He  then  goes  on  to  propose 
the  hypothesis  that  fat  is  synthesized  in  the  presence  of  thiamin 

refers  ntgnPfhrPUV1C  a"dfal.theulnterJmediate.  In  this  connection  he 
refers  to  the  work  of  Krebs  and  Johnson  (63),  showing  that 

hydroxybutyric  acid  can  be  formed  from  pyruvic  acid  by  tissues 

theSmtv  of^6"8-!0  be  V6ry  ^  seems  to  hold 

tshlv  ft  Iff  ty  f  reconcl  "'g  many  divergent  observations.  No- 

^n  nflt  tCTCretr  ldea  °J the  mechanism  of  the  B,  sparing 
Th  k  w'tiich  is  discussed  at  some  length  in  Chapter  XXI 

^  2  PyrUV1°  aCld  +  H2°  acetic  acid  +  C02  +  lactic  acid 

Other  reactions  by  which  a  kptnmV  •  i  j- 

are  oxidized  and  decarboxylated  in  the  tissuelare?  PyrUVIC  add’ 

(2)  RCOCOOH  +  R'COCOOH  +  11,0  RCOOH+CO.+R-'.  CHOH  .  COOH 

C00H  +  *  KetonifiSf  +  HS°  RC°0H  +  C0*  +  R'CHOHCHjCOOH 
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Acetic  acid  from  (1)  is  converted  to  acetoacetic  acid  which, 
reacting  by  dismutation  with  pyruvic  acid,  produced  3  hydroxy- 
butyric  acid,  C02,  and  acetic  acid.  A  summation  of  the  several 
successive  reactions  involving  pyruvic  acid  is 

(4)  3  pyruvic  -f  H20  — ►-  /3  hydroxybutyric  acid  +  lactic  acid  +  2  CO* 


This  indicates  that  pyruvic  acid  and  other  ketone  bodies  are 
intermediates  not  only  in  fat  but  also  in  carbohydrate  metab¬ 
olism. 

A  weakness  of  the  Krebs-Johnson  work  for  our  purposes  is 
that  pyruvic  acid  was  determined  by  the  carboxylase  method, 
which  is  scarcely  specific  enough  to  convince  the  skeptical.  A 
strong  feature  of  the  paper  is  that  it  involved  many  different 
tissues  from  many  different  species  and  yielded  consistent  results. 
The  tissues  were,  howrever,  normal  rather  than  polyneuritic  ones, 
as  the  primary  purpose  of  the  study  was  not  related  specifically 
to  thiamin  function. 


These  authors  refer  to  preliminary  experiments  intended  to 
determine  whether  thiamin  is  capable  of  promoting  the  anaero¬ 
bic  dismutation  of  pyruvic  acid.  Pure  thiamin  did  not  do  so, 
but  crude  material  from  natural  sources,  perhaps  containing  the 
pyrophosphoric  ester,  did.  (Compare  this  with  the  previously 
cited  result  of  Lipmann  in  which  free  thiamin  failed  to  promote 
oxygen  uptake  while  the  cocarboxylase  did  so.) 

It  may  seem  disappointing  that  the  chemical  structure  of 
thiamin  has  not  proven  suggestive  as  to  its  function.  None  of 
the  functions  proposed  for  it  has  an  evident  relationship  to  any 
feature  of  the  structure  of  the  substance.  However,  this  seems 
to  be  equally  true  of  all  the  other  vitamins  which  have  been 
identified  structurally.  One  is  tempted  in  this  instance  to  specu¬ 
late  upon  the  possible  significance  of  the  resemblances  of  thiamin 
and  choline,  since  both  are  quaternary  bases  and  substituted 

ethyl  alcohols.  ,  ,,  .,  „ 

We  cannot,  of  course,  accept  without  further  evidence  the 

idea  of  a  fat  synthesis  function  of  thiamin,  much  as  we  are  at¬ 
tracted  by  its  plausibility.  An  adequate  theory  must  take  into 
account  its  function  in  the  germinating  seed,  particu  arly  in  the 
growth  of  roots.  This  phenomenon  is  discussed  in  Chapter 
XXVIII  The  fat  synthesis  theory  has  some  attractive  feature, 
in  this  connection.  Seeds  are  often  classified  into >  two  groups^  of 
which  one  stores  food  as  fat,  the  other  as  starch  conv“ 

sion  of  starch  to  fat  in  the  ripening  of  fatty  seeds  is  wel! J5n0"  ; 
During' germinating  of  fatty  seeds,  fat  disappeai rs  rapidly  and 

S2  rSbSrtt.  ?»■»"« 
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further  investigation,  we  can  only  say  that  the  fat  synthesis 
theory  of  thiamin  function  is  not  inconsistent  with  what  we  know 
of  the  role  of  the  substance  in  plants. 

One  of  the  latest  studies  of  brain  respiration  is  that  of  Lip- 
mann  (64),  which  is  summarized  by  the  same  author  elsewhere. 
Lipmann  used  brain  tissue  in  bicarbonate  rather  than  Ringer 
phosphate  solution  and  utilized  glucose  instead  of  pyruvic  acid 
as  the  substrate.  Under  these  conditions,  avitaminotic  brain 
produced  pyruvic  acid.  Fructose,  which  is  not  split  glycolytically 
by  brain  enzymes,  nevertheless  yielded  pyruvic  acid  also  when 
subjected  to  the  action  of  avitaminotic  brain.  This  is  taken  to 
indicate  the  formation  of  pyruvic  acid  direct  from  the  carbohy¬ 
drate.  Addition  of  thiamin  to  the  substrate  prevented  the  ac¬ 
cumulation  of  pyruvic  acid  and  also  reduced  the  aerobic  forma¬ 
tion  of  lactic  acid.  The  effect  of  thiamin  addition  to  avitamin¬ 
otic  brain  in  presence  of  oxygen  was  marked,  especially  after 
respiration  had  gone  on  for  some  time.  Without  thiamin,  respi¬ 
ration  soon  fell  off.  In  anaerobic  experiments  pyruvic  acid  un¬ 
derwent  dismutation  to  acetic  acid,  carbon  dioxide,  and  lactic 
acid  as  conceived  by  Krebs,  but  thiamin  did  not  influence  the 
course  of  this  anaerobic  reaction.  Lipmann’s  experiments  in¬ 
cluded  many  measurements  under  varied  conditions  but  did 
not  involve  thiamin  pyrophosphate,  although  he  discusses  the 
latter  briefly.  His  conclusion  is  that  the  products  of  the  oxida¬ 
tive  process  are  acetic  acid  and  carbon  dioxide  \  that  pure  de¬ 
carboxylation  which  is  promoted  by  thiamin  pyrophosphate  in 
the  presence  of  yeast  is  absent  in  the  case  of  animal  tissue. 


Reconciliation  of  the  Divergent  Findings 

All  tissue  respiration  experiments,  such  as  we  have  discussed 
t  length,  necessitate  a  great  deal  of  interpretation  by  inference 

i^nnnrocensf ^theTn1? 6  is  operatinS  and  single  reaction 

Prc>cess,  the  inference  from  oxygen  consumption  carbon 

dioxide,  disappearance  of  substrate,  etc.,  may  become  quite  trust 

worthy,  especially  if  two  or  more  indepLdent  sets  of  datt 

pomt  in  the  same  direction.  However,  when  respiratorv  mm 

IS™  Xnoerndenbaet 
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cose  is  utilized  in  various  organisms  are  closely  interrelated  and 
are  in  part  identical,  there  is  often  great  difficulty  in  assuring 
oneself  in  any  given  case  that  he  is  dealing  with  a  general  phe¬ 
nomenon  rather  than  with  an  exceptional  peculiarity  of  the 
tissue  or  system  he  has  in  hand.  Thus  one  cannot  with  safety 
transfer  the  findings  as  to  the  metabolism  of  bacteria,  for  ex¬ 
ample,  to  the  case  of  pigeon  brain  and  vice  versa.  If  one  could  do 
this  with  assurance,  Lipmann’s  theory  might  be  fitted  to  Peters’ 
results  satisfactorily  as  far  as  we  can  now  tell.  It  is  true  that 
the  oxygen  consumption  per  mole  of  pyruvate  observed  by  Mc¬ 
Gowan  and  Peters  is  much  higher  than  that  called  for  by  Lip¬ 
mann’s  reaction,  but  the  excess  might  be  accounted  for  by 
other  oxidations,  e.g.,  lactic  acid  or  other  dehydrogenation. 
Enzyme  systems  are  often  closely  linked  together  (65). 

Peters’  idea  of  thiamin  as  a  pyruvate  oxidase  cannot  yet  be 
dismissed.  In  a  late  paper  (66)  he  reports  that  free  thiamin  has 
under  his  conditions  a  tenfold  greater  effect  on  oxygen  uptake 
of  polyneuritic  brain  tissue  than  the  pure  pyrophosphate  ob¬ 
tained  from  Lohmann.  It  has  occurred  to  the  present  authors 
that  it  would  be  of  interest  to  determine  whether  thiamin  stimu¬ 
lates  oxygen  uptake  of  polyneuritic  tissues  on  any  substrate  of 
fewer  carbon  atoms  than  pyruvic  acid.  Thus  if  thiamin  pro¬ 
motes  the  oxidation  of  pyruvic  acid  to  carbon  dioxide  and  water, 
if.  mio-ht  affpflt  the  oxidation  of  acetaldehyde  or  ethyl  alcohol. 


We  are  compelled  by  a 
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studies  which  have  appeared  to  suppose  that  thiamin  has  a  mul¬ 
tiple  function  as  a  coenzyme  in  nature.  The  best-established 
ones  are  the  two  known  reactions  of  its  pyrophosphate.  This, 
in  association  with  the  protein  of  yeast,  can  bring  about  a  pure 
decarboxylation  of  pyruvic  acid  or,  in  association  with  other 
proteins,  it  can  act  to  promote  a  simultaneous  dehydrogenation 
and  decarboxylation  of  pyruvic  acid  to  form  acetic  acid  and 
carbon  dioxide.  Less  clearly  established  are  the  purely  oxidative 
function,  which  may  be  a  property  of  free  thiamin  jointly 
with  its  pyrophosphate,  and  a  conversion  of  carbohydrate  to 
fat,  which  may  be  associated  with  either  form  as  far  as  we  know. 
One  of  these  reactions  may  predominate  in  one  tissue,  another 
in  another  tissue.  Some  of  the  reactions  may  be  limited  to  cer¬ 
tain  specialized  tissues  of  the  animal  body.  These  conclusions 
are  tentative  and  may  require  an  early  revision. 

It  is  not  unreasonable  to  suppose  that  thiamin  in  the  form 
o  its  pyrophosphoric  ester  acts  as  a  coenzyme  for  several  enzy¬ 
mic  systems,  though  probably  not  for  a  large  number.  Thus  the 
same  coenzyme,  cozymase,  is  believed  to  function  not  only  in 
zymase  but  in  several  animal  dehydrogenases  acting  upon  hexose- 
monophosphate,  succinic  and  formic  acid  and  alcohol  and  X 
perhaps,  in  lactic  acid  formation.  Such  a  multiple  function  for 


OUMMARY 


1.  Thiamin,  perhaps  in  the  free  state,  more  certainlv  in  tu 

S3,  TK  •  ~  s 

bohydrate  metabolism  aCtlC  aCld  ln  the  normal  <»r- 

crease  of  caAonXxXeXX  “nd  “ by  “i 

oxygen  uptake.  The  relative  predominance  of  the  \nCreaSe  -°f 
from  one  tissue  to  another.  P  finance  ot  the  two  vanes 

establish ^enzyme  Unction  of  thiamin  pyrophosphate  is  thus 
neuritic  tissues  ts^the  disnna^i56  °^/)1yruy^c  ac^  removal  in  poly- 

pyruvat.  ojUdase'o’etersf  i°,,itaUde  ^.at  ot  a  coenzyme  for 
(Lohmann),  a  coenzyme  for  a dehvdZlJ™  *  PT  carboxylase 

“  the  Synth6Sis  °f  fat  fr°m  iarLhjfdrate  Svia,a  py  ruidc  “fdisTn 
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attractive  possibility  though  apparently  at  variance  with  the 
weight  of  present  evidence  gained  from  tissue  respiration  ex¬ 
periments.  This  is  in  favor  of  an  aerobic  function  in  animal 
tissues. 
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CHAPTER  XXVII 


CONCOMITANT  CHEMICAL  DERANGEMENTS 


At  first  glance  one  might  suppose  that  a  well-defined  con¬ 
dition  of  known  chemical  origin,  such  as  beriberi,  would  present 
a  definite  picture  of  limited  and  specific  derangement  of  chemical 
function.  Anatomically  and  clinically  there  appears  to  be  a 
central  and  fundamental  feature  of  this  character,  namely,  the 
widespread  neuritis  associated  with  fatty  degeneration  of  the 
myelin  sheath.  However,  while  this  is  central,  it  is  by  no  means 
the  sole  disturbance  viewed  clinically  or  anatomically,  lhe 
upset  is  so  general  that  visible  derangement  is  encountered  in 
most  of  the  tissues  and  in  a  great  many  functions  (see  Chap¬ 
ter  II)  It  has  indeed  often  been  suggested  that  concomitant 
disturbances  such  as  those  of  the  digestive  and  cardiovascular 
systems,  are  secondary  consequences  of  the  nervous  derange- 

me  This  view  cannot  at  present  be  excluded  as  “ 

there  is  another  view  which  seems  preferable.  This  is, ,a 
breakdown  of  metabolism  is  primary  and  that  other  disturb¬ 
ances  including  the  nervous  ones,  are  secondary.  The  wide 

snrend  character  of  the  symptoms  can,  according  to  this  vie  , 
spread  character  o  y  h  etabouc  process  concerned 

i8eonSeCthatdinvolves  alTfunctmnal  cells.  Disturbance  of  it  there¬ 
fore,  directly  affects  all  cmtr^meUdjoUc  dis- 

conversion  of  carbohydrates  to .  tats  is  me i  cen  mg  might 

”5Sb?»nnl"rS  th.  conspicuously  (atty  ».«.  ol 

because  we  cannot  yet  exerc  animais  0ne  can  perhaps 

factors.  In  experimental  benber  n  an® us  o  J  .f  this 

approximate  a  pure  thiamin  ypvon  ’  if  a  single  deficiency  is 
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cult  to  decide  to  what  extent  they  are  due  to  the  deficiency  of 
thiamin  per  se  and  to  what  extent  to  inanition.  In  human  berir 
beri  one  is  always  in  doubt  as  to  whether  the  deficiency  which 
exists  involves  only  one  vitamin.  Indeed  in  many  cases  there  is 
positive  evidence  of  multiple  deficiency.  This  extends  to  such  a 
degree  that  numerous  cases  are  on  record  of  mixed  beriberi  and 
scurvy,  or  mixed  beriberi  and  pellagra.  Indeed  many  cases  of  each 
of  these  diseases  show  some  degree  of  response  upon  administra¬ 
tion  of  thiamin.  Platt  and  coworkers  hold  that  secondary  de¬ 
ficiencies  are  prevailingly  present  in  beriberi.  Perhaps  the  most 
outstanding  discrepancy  between  human  and  experimental  beri¬ 
beri  is  the  relative  absence  of  inanition  in  the  human  disease. 
Quite  possibly  this  is  connected  with  the  incompleteness  of  the 
thiamin  deficiency  in  the  human  dietaries  involved.  In  rats  it 
has  been  found  that  an  inadequate  supply  of  thiamin  is  for 
some  unknown  reason  more  conducive  to  polyneuritis  than  a 
complete  lack  of  it.  Another  discrepancy  between  the  human 
and  the  experimental  disease  is  the  wider  prevalence  of  edema 
in  the  former,  a  fact  for  which  there  is  no  established  explana¬ 
tion  (see  Chapter  IV,  page  67). 

In  view  of  these  complications  we  can  do  no  better  in  this 
chapter  than  to  record  the  principal  biochemical  abnormalities 
which  have  been  associated  with  thiamin  deficiency  without  at¬ 
tempting  to  give  a  final  critical  appraisal  of  their  true  signifi¬ 
cance.  Many  of  these  chemical  disturbances  have  already  been 
mentioned  in  other  chapters  and  will  not  be  repeated  here  Thev 
include  a  frequent  but  inconsistent  modification  of  glycogen 

storage  and  a  hyperglycemia,  together  with  excessive  amounts 
of  lactic  and  pyruvic  acids  in  the  blood.  amounts 

+Loss  of  aPPetite  is  so  conspicuous  in  experimental  beriberi 
that  many  students,  notably  Cowgill,  have  viewed  it  as  an  al¬ 
most  specific  symptom  of  thiamin  deficiency.  This  seems  to  be 
a  somewhat  extreme  view.  A  deficiency  of  any  of  the  Stamina 

andWGriffith  (1)  hTvTk(S  Graham 

thermostable  factors  are  important  i  °f 

More  specifically,  the  filtrX tteen  shown* L  ZT' 
powerful  influence  in  this  direction  „  ,have  a 

nected  with  the  fact  that loss  of  SetUe "  ’ Tnyp  T' 

symptoms  of  pellagra.  That  thiamin  deft;  .  of  the 

influence  in  high  degree  cannot  be  doubte.TT/h^’h  SUCh  “ 
ticularly  emphasized  bv  Shtp  j  UUDiea.  It  has  been  par- 

Harris,  by  Cowgill  ?4). 

ing  Study  Of  the  relation  of  annetite  ^  /ery  lnterest- 
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the  choice  is  made  by  association  of  the  fih?Yi  c°?clude  that 
B,  rich  with  ch  *l« 
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It  is,  however,  the  universal  experience  of  laboratory  workers 
that  thiamin,  administered  apart  from  food  either  parenterally 
or  orally,  leads  to  a  restoration  of  appetite  in  all  species  of  Bt 
deficient  animals.  The  response  is  usually  so  prompt  and  pro¬ 
nounced  that  it  seems  miraculous  when  first  witnessed.  The  loss 
of  appetite  during  the  deficiency  is  associated  with  an  incapacity 
to  digest  and  assimilate  food.  Thus,  forced  feeding  as  an  experi¬ 
mental  method  to  avoid  inanition  is  commonly  more  or  less 
defeated  by  the  accumulation  of  undigested  food  in  the  alimentary 
tract.  Furthermore,  the  incapacity  to  metabolize  food  does  not 
appear  to  be  confined  to  this  tract.  The  stoppage  is  even  further 
along,  i.e.y  in  the  tissues  themselves,  so  that  the  loss  of  appetite 
may  be  regarded  as  the  back  pressure  of  a  long  series  of  halted 
processes.  Peters  speaks  graphically  of  the  internal  hunger  of 
the  tissues. 


Disturbances  of  Digestion 

Nevertheless,  there  has  been  much  search  for  a  specific  dis¬ 
turbance  in  the  alimentary  tract.  Thus,  loss  of  appetite  has  been 
attributed  to  gastric  or  intestinal  atony  (6).  An  enlargement 
of  the  colon  in  rats  on  deficient  diets  was  reported  by  Sparks 
and  Collins  (7).  Gastric  dilatation  which  responded  to  thiamin 
treatment  was  noted  by  Moore  and  Plymate  (8).  Dalldorf  and 
Kellogg  (9)  have  reported  a  marked  association  of  thiamin  de¬ 
ficiency  and  gastric  ulcer,  but  opinion  as  to  the  effect  of  the 
deficiency  on  the  alimentary  tract  has  not  been  unanimous  by 
any  means  (10,  11).  This  matter  is  more  fully  discussed  in 

Chapter  IV*  •  •  • 

A  reduced  resorption  of  glucose  by  the  intestine  in  thiamin 

deficiency,  thermostable  B  deficiency,  or  B  complex  deficiency 
characterizes  these  conditions  (12),  but  it  does  not  appear  to 
be  clear  that  this  is  not  a  consequence  of  attendant  inanition 
Turning  to  the  chemical  evidence  of  disturbance  in  the  ali¬ 
mentary  tract,  we  find  the  data  quite  meager.  Webster  and 
Armour  (13)  note  a  marked  drop  in  secretion  of  gastric  juice  in 
dogs  on  B  deficient  diets,  but  these  authors  did  not  definitely  as- 
*noiate  the  drop  with  B,  in  particular,  but  only  with  yeast  vita- 
i  Farnnm  (14)  finds  reduction  of  total  volume 

ImcToHree  acidity  in  gastric  secretion  in  experimental  beriberi, 

a  saws*  &K4 
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not  produce  very  significant  reduction  of  the  gastric  acidity. 
However,  Masuko  (19),  studying  the  matter  in  dogs  by  means 
of  a  Pavlov  pancreatic  fistula,  noted  a  marked  increase  in  volume 
of  secretion  and  enzymic  concentration  on  giving  vitamin  B. 
The  effect  was  not  noted  with  thiamin  alone  and  was  believed 
to  be  due  to  some  combination  of  B  factors. 

An  exploration  of  the  pH  throughout  the  intestinal  canal  of 
rats  was  made  by  N.  Schoubye  (20).  In  B  deficiency,  highest 
alkalinity  was  found  in  the  caecum,  but  the  contrasts  with  nor¬ 
mals  were  not  striking.  A  similar  exploration  by  McCarrison  (21) 
which  was  extended  to  various  organs  showed  a  significant  in¬ 
crease  in  acidity  in  the  ventricle  of  the  heart  and  in  the  brain. 

Consideration  has  also  been  given  to  abnormalities  of  the 
digestive  enzymes  in  thiamin  deficiency.  Peptic  digestion  is 
normal  (22);  so  is  the  tryptic  and  ereptic  function  (23).  It  will 
be  convenient  at  this  point  to  refer  also  to  certain  enzymatic  dis¬ 
turbances  which  are  reflected  in  the  blood  or  tissues,  as  well  as  to 
those  peculiar  to  the  digestive  tract.  The  following  tabulation 
is  taken  from  an  extended  study  on  rats  (24). 

Influence  of  Vitamin  B  Deficiency  on  the  Concentration  of 
Blood  and  Tissue  Enzymes 


Enztme 

Per  Cent  Change  from  Normal 

Decrease 

Increase 

Blood  serum  amylase  .  .  . 

Blood  serum  esterase  .  .  . 

Blood  serum  phosphatase 

Kidney  phosphatase  .  .  . 

Pancreatic  amylase 

Pancreatic  lipase 

Hepatic  lipase 

Pancreatic  esterase 

Hepatic  esterase 

12.4 

9.1 

14.4 

0.0 

23.0 

20.5 

43.7 

6.4 

12.5 

0.0 

authors  referred  to  do  not  regard  the  changes  in  pro¬ 
teolytic  or  amylolytic  enzymes  as  very  significant  •  the  de¬ 
creases  in  pancreatic  and  hepatic  lipases,  however  are  held  to 
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wp!  d  a  ■  ffect  of  ®  complex  deficiency  on  enzyme  concen- 
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conflicting  in  part  with  the  findings  of  Sure  et  al.,  is  to  the  effect 
that  pancreatic  esterase  and  hepatic  amylase  are  increased  in 
beriberic  animals  (27).  The  deaminase  activity  of  polyneuritic 
heart  tissue  is  reported  as  subnormal  (28). 


Blood  Chemistry 


The  most  marked  effect  of  thiamin  deficiency  upon  blood 
chemistry  is  anhydremia  (29),  as  evidenced  by  increase  of  serum 
proteins.  This  is  accompanied,  according  to  this  study,  by  hypo¬ 
glycemia  in  nursing  rats,  a  fall  in  hemoglobin  and  erythrocyte 
count,  and  a  general  deterioration  in  the  blood  regenerating 
function.  Non-protein  nitrogen  was  not  altered  (30).  Other  evi¬ 
dence  suggests  that  the  blood  regenerative  factor  is  not  thiamin 
but  another  and  thermostable  factor  (31).  Also  Salmon  and 
Goodman  (32),  while  confirming  the  anhydremia  in  rats  as  well 
as  in  pigeons,  found  a  high  hemoglobin  content.  However,  since 
these  authors  observed  the  same  peculiarity  in  rats  on  sparing 
amounts  of  a  thiamin-adequate  diet,  the  effect  is  attributed  to 


Several  other  aspects  of  blood  chemistry  are  considered  for 
convenience  later  in  this  chapter  in  connection  with  methyl 
glyoxal,  lipids,  etc.  Others  have  been  considered  in  connection 
with  glycogen  and  blood  sugar  in  Chapter  XXV.  Galamim  (3  ) 
has  noted  a  longer  persistence  of  alcohol  in  the  blood  of  beri¬ 
beric  pigeons  than  in  that  of  normal  ones.  Tisolowitz  (34) 
notes  a  lowered  rate  of  disappearance  of  congo  red  from  the 
blood  stream  upon  administration  of  thiamin  whi. chhe regi irds 
as  producing  a  reduction  of  permeability  of  the  walls  of  the 

VeSAmong  the  endocrine  glands  affected  by  B,  dehciency  the 
adrenals  are  prominent.  They  show  hypertrophy,  especially  of 

cheStcta^no^clear3  This  isJ^aj/true  ‘^thymus, 

chemically.  Most  of  the  fudle.spl°ofn^0e^°e m  exploration 
been  made  in  this  connection  belong  *p°  Tvitamin  B,  In  this 
for  significant  clues  to  the  princip  although  future  re¬ 

sense  they  may  be  regarded  “  "eSa‘‘ve;e^3  useful  and 
search  with  more  nwdern  methods  may  well  reve 

significant  relationships. 
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Somewhat  more  positive  results  have  been  obtained  in  stud¬ 
ies  of  thyroxine  in  relation  to  vitamin  Bx.  Hyperthyroidism 
was  induced  by  Cowgill  (37)  in  dogs  on  a  normal  diet  by  feed¬ 
ing  thyroid  gland.  As  a  result  they  exhibited  a  marked  loss  of 
appetite  which  could  be  corrected  by  giving  a  vitamin  Bx  concen¬ 
trate.  During  hyperthyroidism  accompanied  by  a  liberal  Bj  sup¬ 
ply,  the  voluntary  consumption  of  food  rose  to  twice  that  of  dogs 
not  receiving  thyroid.  Likewise  in  pigeons,  Cowgill  found  a  rise  in 
the  Bj  requirement  in  hyperthyroidism.  Smith  and  Sure  have  ob¬ 
tained  somewhat  similar  results,  i.e.,  that  there  is  a  balance 
between  thyroxin  and  thiamin  so  that  the  latter  can  afford  pro¬ 
tection  against  hyperthyroidism  (38).  There  is  no  evidence,  how¬ 
ever,  of  hyperthyroidism  as  a  consequence  of  Bx  deficiency.  The 
antagonism  between  thyroxine  and  thiamin  has  been  confirmed 
by  studies  involving  synthetic  thiamin  (39).  Doses  up  to  100  y 
daily  of  thiamin  counteract  the  toxicity  of  as  high  a  daily  dose 
as  0.2  mg.  of  thyroxin. 

Several  peculiarities  of  varied  character  which  have  been 
noted  in  thiamin-deficient  rats  may  well  be  recorded  here. 
Smith,  McClosky,  and  Hendrick  (40)  noted  increased  suscepti¬ 
bility  to  pilocarpine  and  ergotoxine.  Tosatti  (41)  observed  a 
decreased  resistance  to  anaphylactic  shock  and  to  histamine 
shock.  Baglioni  and  Console  (42)  are  at  variance  with  Kauff- 
man-Cosla  and  Oeriu  (43),  the  former  authors  maintaining 
that  injection  of  insulin  retards  the  onset  of  polyneuritis  in 
pigeons  as  does  also  Shinobe  (44).  An  extension  of  the  lives 
o,  pigeons  on  a  polished  rice  diet  by  administration  of  folliculin 
and  other  phenanthrene  substances  is  claimed  (45),  but  the 
results  do  not  appear  to  be  very  consistent  or  impressive.  Moli- 
tor  and  Sampson  (46)  found  no  specific  effect  of  thiamin  on 
he  response  of  ra,ts  to  thujone.  Convulsions  were  produced  by 
equal  doses.  Inanition,  attendant  upon  thiamin  deficiency  how¬ 
ever,  increased  the  sensitivity  to  thujone.  y’ 

Mineral  Metabolism 

than  neormar(47)bl  whichd 

deficiencies  of  the  diet.  Special  attention  has  bwn  called 
to  this  feature  by  McHareue  and  Rnv  c?.llea 

Pigeons  are  protected  to  some  extent  fro^  ^l  th«>\  bel*ve 

quate  supplies  of  the  mineral  elements  Tn^rfoo^3  o ^ 
content  of  the  blood  of  Do]vnp„ntiJ n  t?e  f?od-  Calcium 
normal  (49).  The  elimirfatinn  pi?eons  ^as  been  reported 

changed  in  Bx  deficiency  in  doss  f  C>0'JS  ^  said  ^  un" 

in  finding  that  assimilation  is1ncroa^d''timiy|fi2ia  (51),  differs 
b-m  daman  milk  W  in  „,ciun,  M&d&S 
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in  the  skin,  occasional  increase  of  calcium,  more  often,  increase 
of  magnesium,  a  rise  in  chlorides  and  a  fall  in  phosphates  repre¬ 
sent  the  observations  of  Fawns  and  Jung  (53).  Oh  (54)  found 
low  blood  calcium  in  human  beriberics  and  reported  benefit 
from  treatment  with  calcium  preparations. 

Similarly  conflicting  results  are  recorded  concerning  phos¬ 
phorus.  Schmitz  and  Hiraoka  (55)  believe  a  low  phosphatide 
content  of  blood  and  tissues  to  be  prevalent  in  Bx  avitaminosis 
of  pigeons,  but  little  general  support  is  found  elsewhere  for  the 
idea.  Nagai  has  studied  the  distribution  of  organic  and  inor¬ 
ganic  forms  of  phosphorus  in  Bx  deficiency  (56).  The  total  in¬ 
organic  and  acid-soluble  phosphorus  is  not  greatly  changed  in 
the  rat  or  pigeon,  although  the  relative  quantities  in  the  several 
tissues  are  somewhat  increased  or  decreased.  Hexose  mono¬ 
phosphate  and  adenylic  acid  are  said  to  be  increased  in  muscles. 
The  phosphatese  and  phosphatase  activities  are  increased  in 
some  organs  and  diminished  in  others,  but  in  a  way  that  does 
not  offer  any  very  definite  suggestion  as  to  the  significance  of 
the  findings.  Certainly  there  is  no  conspicuous  defect  in  mineral 
metabolism  in  beriberi  as  is  the  case  in  rickets. 


Glutathione 

Random  and  Fabre  compared  the  tissues  of  B,  deficient 
pigeons  with  those  of  birds  which  were  underfed  on  a  diet  ade¬ 
quate  in  B,.  The  glutathione  content  was  diminished  in  all 
tissues  in  the  B,  deficient  birds,  most  of  all  in  the  musculature. 
This  deficiency  developed  as  the  weight  anil  body  ^P^rg? 
began  to  fall  (57).  Like  studies  were  reported  by  di  Mattel  t»»l, 
but  the  deficiencies  of  glutathione  content  were  scarcely  suffi¬ 
cient  to  be  of  significance.  Nagai  (59)  found  rather  subs  antial 
reduction  of  glutathione  content,  especially  in  heart,  bone  ma 
mw  and  muscle,  but  not  in  the  liver,  where  it  appeared  to 

1)6  ATeficlency  of  glutathione  in  beriberic  tissues  is  of  consid- 
glyoxal'ffithTwood^nd  urine  orberibeHc  gj^xal 

function  as  a  coenzyme  for  glyoxalase,  tne  y 
verts  glyoxal  to  lactic  acid. 

CHiCOCHO  +  H20  — ►-  CH»CHOHCOOH 

Hirano  (61)  reports  recovery  from.  convulsions^ Pigeons  fed 

supplied  with  glutathione 

without  the  vitamin. 
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Methyl  Glyoxal 

Glyoxal  is  merely  pyruvic  aldehyde  and  chemically  represents 
a  stage  of  oxidation  less  advanced  by  one  step  than  pyruvic  acid. 
In  contrast  with  lactic  acid,  methyl  glyoxal  represents  incomplete 
oxidation  of  the  terminal  carbon  atom,  while  in  lactic  it  is  the  cen¬ 
tral  carbon  atom  which  is  incompletely  oxidized.  Its  origin  and 
fate  in  the  body  are  uncertain.  Whether  or  not  methyl  glyoxal  is 
an  intermediary  in  normal  carbohydrate  metabolism  is  still  under 
debate.  Formerly  it  was  widely  regarded  as  an  essential  inter¬ 
mediate,  but  since  the  rise  of  the  Embden-Meyerhof  scheme  this 
idea  has  lost  in  favor. 

The  occurrence  of  methyl  glyoxal  in  human  beriberi  has  been 
strongly  emphasized  by  a  large  group  of  Japanese  workers,  who 
have  published  their  results  in  the  Tohoku  Journal  of  Experi¬ 
mental  Medicine.  According  to  these  writers  this  substance  oc¬ 
curs  in  copious  amounts  as  an  active  toxin  in  the  blood  and  in 
the  secretions  of  human  beriberics.  These  findings  and  numerous 
others  are  contained  in  an  extended  series  of  some  seventy-five 
articles  appearing  in  this  Journal  over  a  period  of  fifteen  years 
or  more.  These  appear  to  have  been  ignored  or  overlooked  by 
Western  scientists  generally.  Since  the  papers  are  often  frag¬ 
mentary,  somewhat  repetitious,  and  inconclusive,  detailed  ref¬ 
erences  will  be  omitted,  but  attention  is  called  to  the  enormous 
volume  of  experimental  work  and  the  vast  amount  of  clinical 
material  involving  hundreds  of  human  beriberi  cases  which  are 
recorded  in  some  of  them,  e.g.,  Chiba  (62).  The  principal  findings 
will  be  mentioned  at  this  point:  Breast  milk  of  beriberic  women 
lacks  a  peroxidase  present  in  normal  milk.  Peroxidase-negative 
milk  is  also  secreted  by  experimental  animals  upon  thiamm-de- 
fic!en  diets  (OB)  The  milk  does  not  become  peroxidase  Sve 
on  injection  of  thiamin  unless  accompanied  by  a  liver  substance 
to  which  the  name  “Yakriton”  is  given.  As  the  milk  becomes 
positive,  the  young  begin  to  thrive  (64).  Mice  fed  on  Dolish  pd 
nee  w,th  daily  injection  of  human  or  rabbit  ml  dfe  much  more 
?ecteHy  ?  characte.nstlc  symptoms  of  polyneuritis  if  the  in- 

SR  SfARrtKr S  as  raassfS 

sssra&n;  asstes,*? t  *3* 

positive  and  the  other  peroxidase-ne“ati™e  rnilkTem  ^Tb^i 

leucocytes  of  beriberics,  whether  of  humans  or  nf  ^  blo,oc} 
animals,  exhibit  a  deficipnnv  nf  •?lans  or  °*  experimental 

Thii  ■ 
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liver-extract-hexosephosphate  medium  when  the  liver  involved  is 
obtained  from  Bx  deficient  animals.  Thiamin-deficient  animals 
cured  by  supplying  the  deficient  vitamin  yield  liver  extracts 
which  produce  no  glyoxal.  Vogt-M</>ller  believes  that  the  re¬ 
sponsible  fact  is  the  absence  of  a  coenzyme,  since  glyoxal  disap¬ 
pears  on  adding  to  the  system  a  boiled  extract  from  a  normal  liver. 

Geiger  and  Rosenberg  (69)  found  methyl  glyoxal  in  the  urine 
of  thiamin-deficient  infants.  Peters  comments  in  this  connection 
that  the  methyl  glyoxal  theory  of  carbohydrate  degradation 
which  has  not  been  in  favor  lately  may  be  necessary  to  an  ade¬ 
quate  explanation  (70).  According  to  Peters  methyl  glyoxal  is 
entirely  absent  in  the  brains  of  polyneuritic  pigeons. 

Lehmann  (71)  found  methyl  glyoxal  to  be  somewhat  higher 
in  the  urine  of  Bx  deficient  rats  than  in  normal  ones,  but  present 
in  both.  Jansen  and  Westenbrink  (72)  found  polyneuritic  rat 
liver  unimpaired  as  to  the  conversion  of  methyl  glyoxal  to 
lactic  acid  and  consider  it  improbable  that  polyneuritis  is  an 
intoxication  by  this  substance.  The  substance  was  isolated  in 
substantial  amounts  as  the  2,4-dinitrophenylhydrazone  from  the 
blood  of  human  beriberics,  and  the  blood  content  oMt  'vas  found 
to  fall  to  normal  after  administration  of  thiamin  (73).  Aryama 
(74)  observed  no  effect  by  venous  injection  of  0.5  gm.  of  methyl 
glyoxal  per  kilo  of  body  weight  in  rabbits,  nor  under  the  con- 
ditions  observed,  did  the  oral  administration  of  the  substance 
accelerate  polyneuritis  in  pigeons  on  a  B,  deficient  diet.  Taka¬ 
matsu,  however,  reported  young  rabbits  dying  with  enlarged 
hearts  from  the  injection  of  phenyl  glyoxal  when  the  diet  was 
deficient  in  thiamin  but  not  otherwise.  Dilation  of  the  mouse 
heart  was  also  found  under  similar  conditions.  . 

In  luminary  it  may  be  said  that  the  accumulation  of  pyruvic 
acid  is  a  consequence  of  B,  deficiency  and  appears  to  be  sup- 
norted  by  somewhat  better  experimental  evidence  than  is  aval  - 
P  rpcard  to  methyl  glyoxal.  Nevertheless,  the  work  o 

^jInanesegTnvestiratorsy  ,Sg  impressive.  Further  investigation 

H*SS?2=g3sg§S 

is  a  modifying  causative  agent  of  a ^  theoryP  We  have 

si—  * 

tween  the  dry  and  wet  types. 

Lipide  Metabolism 
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satisfactory  citations  in  a  contrary  sense.  No  good  purpose 
would  be  served  thereby,  as  it  must  be  evident  from  what  has 
been  said  that  the  effects  of  thiamin  deficiency  are  so  many  and 
so  varied  that  it  is  impossible  at  present  to  segregate  the  primary 
consequences  from  the  secondary  ones  or  to  distinguish  which 
are  due  to  thiamin  deficiency  and  which  to  other  concomitant 
deficiencies. 

We  shall,  however,  in  closing  discuss  briefly  the  subject  of 
lipide  metabolism  in  this  connection.  Cholesterol  of  the  brain 
of  normal  and  polyneuritic  animals  was  studied  by  Westen- 
brink  (76),  who  also  reviewed  the  previous  literature  carefully. 
He  could  not  find  a  significant  difference  attributable  to  avita¬ 
minosis.  Cholesterol  in  the  blood  of  polyneuritic  animals  has 
been  reported  as  normal  in  the  incipient  stages,  rising  in  inter¬ 
mediate  stages  above  normal  and  again  falling  to  normal  during 
the  development  of  acute  symptoms  (77). 

Monaghan  (78)  could  find  no  evidence  for  any  connection 
between  thiamin  and  phospholipid  metabolism.  The  phospho¬ 
lipid  contents  of  tissues  of  rats,  normal  or  avitaminotic,  are  re¬ 
ported  very  constant.  Sure  and  associates  (79)  likewise  could 
find  no  changes  in  the  blood  fatty  acids  or  blood  cholesterol  in 
rats.  Absence  of  any  relationship  between  avitaminosis  and 
total  cholesterol,  phosphatide,  phosphorus,  or  amino  nitrogen 
of  the  lipide  material  of  the  brain  could  be  found  in  pigeons 
according  to  Takata  (80).  He  did,  however,  find  a  decrease  in 
polyneuritis  of  the  total  fatty  acid  content  of  the  brain,  in  the 
total  lipide  content  of  the  spinal  cord,  and  in  the  fatty  acid 

th?uperip-jer^1  ner/f'  This  author  reSards  thiamin 
as  inhibiting  the  oxidation  of  fat  in  the  nerve  tissue.  Perhaps 

there  is  a  connection  between  this  observation  and  the  ap- 
m-°r?  posi.tlve  lndlcations  discussed  in  Chapter  XXVI 

from ^^Xhydrates011  “y  ^  t0  d°  With  the  Synthesis  of  fat* 
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CHAPTER  XXVIII 


THE  GENERAL  ROLE  OF  THIAMIN  IN  LIVING 

THINGS 

A  controversy  which  took  place  seventy  to  eighty  years  ago 
between  Liebig  and  Pasteur  marks  the  origin  of  the  question 
as  to  whether  microorganisms  need  for  their  proper  growth  pre¬ 
formed  supplies  of  certain  specific  substances  of  the  category 
that  we  now  denominate  as  vitamins,  or,  somewhat  more  ex¬ 
plicitly,  nutrilites  (1).  Since  Pasteur’s  time,  an  affirmative  an¬ 
swer  has  been  given.  The  ramifications  of  such  studies  have 
been  s^  extensive  that  several  months  of  tireless  reading  would 
be  required  to  attain  a  mastery  of  all  that  has  been  published 
on  the  subject.  A  limited  number  of  findings  now  lie  within 
the  borders  of  the  proven;  a  much  larger  number  are  reasonable 
inferences;  many  of  the  broader  generalizations  are  still  of  the 
nature  of  plausible  surmises. 

The  obstacles  to  rapid  progress  have  been  of  three  principal 
sorts.  (1)  The  difficulty  of  isolating  nutrilites  or  supposed  nu- 
tnlites  m  pure  form  for  study  of  their  effects;  (2)  the  fact  that 
e  requirements  of  a  given  organism  have  in  very  many  in¬ 
stances  proved  to  be  multiple,  that  is,  to  involve  some  two  or 

pec-lfic  substances,  often  occurring  mixed  in  varying  pro¬ 
portions  m  extracts  of  natural  tissues,  and  (3)  symbiosTs 

S  aVrgamsm  is  able  to  exist  only  by  virtue  of  the 
synthetic  activities  of  another  whose  presence  is  nftpn 
overlooked  or  appears  inconsequential  ^  GaSlly 

tion,  with  respect  to  theV  oS  ?ey  T  supposed  to  W 
respect  to  degree  of  indispensabUitv  blopotency>  and  with 
and  therefore  cannotbereLr^!'  ?°,Te  are  ,"?*  ?et  isolated 
The  evidence  is  as  yet  incomplete  but  th? Y  estfbll®hed  entities, 
appear  to  justify  the  suonn^iLn  e  eve.nts  °f  recent  years 

mins  and  hormones  utilized  by  animah^f’  lf  1*°*  a1*’  the  vita" 
pi....  „„  w  otg.ni_, 
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role  in  the  animal  world  is  important  which  play  only  a  minor 
part  in  plants  or  vice  versa.  Indeed  it  is  not  unlikely  that  some 
will  prove  of  little  consequence  to  certain  groups  of  plants 
though  important  for  others,  just  as  we  have  already  found 
that  a  deficiency  of  certain  of  the  vitamins  is  not  very  detri¬ 
mental  to  some  species  of  animals.  For  example,  the  rat  does 
not  need  an  external  supply  of  vitamin  C  and  pigeons  show 
little  or  no  susceptibility  to  a  lack  of  vitamin  B2  in  the  adult 
stage  of  life. 

However,  in  speaking  of  the  needs  of  an  organism  we  have 
learned  to  be  judicious  in  our  language,  as  the  world  “require¬ 
ment”  can  be  used  properly  in  two  different  senses.  It  may  refer 
to  a  supply  needed  from  an  external  source  or  to  need  in  a 
broader  sense  without  regard  to  the  origin  of  the  substance.  In 
the  first  sense  the  rat  does  not  need  vitamin  C  because  it  can 
synthesize  its  own  supply.  In  the  second  sense  the  rat  does  need 
C,  for  the  substance  is  found  in  its  organs  and  clearly  enters 
into  its  physiological  processes.  In  general,  in  the  animal  world 
we  refer  to  the  endogenous  accessory  substances  as  hormones  and 
to  the  exogenous  ones  as  vitamins.  If  the  majority  of  animals 
were  like  the  rat  in  this  respect,  we  should  have  classified  ascor¬ 


bic  acid  as  a  hormone. 

The  distinction  is  even  more  necessary  in  relation  to  plants 
and  microorganisms  than  it  is  for  animals,  at  least  at  the  present 
stage  of  progress.  Some  nutrilites  can  be  synthesized  by  certain 
plants  and  not  by  others.  The  latter  depend  upon  the  former 
or  upon  animal  life  for  their  supply  of  the  particular  nutrilite 
or  nutrilites  which  they  are  unable  to  synthesize.  Those  which 
can  synthesize  a  particular  nutrilite  are  called  autotrophic  with 
respect  to  it;  those  which  cannot  are  called  het*rotrophic.  ** 
is  believed  that  higher  plants  are  in  general  autotrophic  for 
most  of  their  growth  factors.  The  saprophytic  plants  such  as 
the  molds  and  fungi  appear  to  be  more  often 

resDect  to  growth  factors.  Microorganisms  evidently  present 
coTsiderlble8  variety  but  perhaps  may  best  be  though  of 
autotrophism.  Many  organisms  have  been  found  which  are 

0CCAPyfurthe?  precaution^  TeSy,  for  there  are  degrees  of 
autotrophism  for  a  growth  factor  to  the  ^"‘^‘^hetes  grow 

a  slow  growth  "i^jf  “ eexXS  supply  pJesumably  such  or- 
more  vigorously  with  an  ™  ithetic  DOwers  or  by  reason 
ganisms  have  not  yet  evolved  ve”d  ,  Jt  thera. 

of  their  saprophytic  habits  have  •  itg  own  nutrilite 

sk  "  si  as  - 
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the  nutrilite  for  future  use  or  its  transport  from  one  part  to 
another. 

Thiamin  appears  to  function  in  all  these  ways  for  different 
lower  organisms.  Since  it  is  indispensable  for  higher  animals, 
for  insects,  and  for  higher  plants,  it  surpasses  all  other  known 
specific  substances  in  the  scope  of  its  biochemical  significance. 
Riboflavin  is  its  nearest  competitor  for  this  distinction  among 
the  substances  of  known  constitution.  Biotin  ranks  very  high 
in  importance  in  the  plant  world  (2),  but  little  is  known  of  its 
chemical  nature.  Although  thiamin  has  been  available  in  pure 
form  for  only  a  few  years,  already  a  vast  amount  of  data  has 
accumulated  regarding  its  occurrence  and  operation  in  lower 
as  well  as  higher  organisms.  We  shall  confine  our  further  dis¬ 
cussion  of  nutrilites  to  it.  The  reader  is  referred  elsewhere  (3) 
for  a  more  general  treatment  of  the  subject.  An  excellent  recent 
discussion  is  that  of  Bonner  (4). 

We  have  given  above  a  sketch  in  perspective  of  the  general 
subject.  However,  in  doing  so  we  have  made  many  inferences 
that  cannot  yet  be  said  to  represent  proved  truths.  Obviously, 
what  is  true  of  a  certain  selection  of  species  may  not  prove  gen¬ 
eral  when  further  species  are  examined.  Equally,  what  is  true 
of  one  nutrilite  or  growth  factor  may  prove  to  be  exceptional 
rather  than  typical.  It  will  therefore  be  well  to  give  a  resume  of 
the  evidence  regarding  thiamin. 


Thiamin  and  Yeast  Growth 

In  1901  Wildiers  made  the  observation  that  the  yeast  which 
he  was  studying  was  unable  to  grow  appreciably  from  a  small 
inoculum  in  synthetic  media.  He  postulated  an  essential 
growth  substance  in  the  natural  media  which  he  called  “bios.” 
His  charactemation  of  bios  was  such  as  to  suggest  to  R  J 
Williams  the  possible  identity  of  bios  and  vitamin  B.  Accord- 

of  vitamTnSRPrAPOfiSf  t0  Utilize  the  growth  of  yeast  as  a  test 
,  .  vTm'n  B  ?)>  a  Proposal  which  never  reached  fruition 

trolrrsv  Th°eVOk1  ^  If"1  °f  “^ertigation  and  some  con- 
f  u  e  was  that  various  strains  of  veast  were 

haV,e  r,te  diverse  requirements.  Among  the  yeatu 

yeast  can  grnw^aT  whether  or  »<* 

medium  containing  nothing  of  T^Yr?'  rate  0n  a  synthetic 
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amounts  of  the  previous  medium  carried  over  with  the  seed 
are  reduced  to  extremely  small  quantities,  yeast  can  make  a  slow 
growth  on  synthetic  media  (13).  However,  the  seeding  in  such 
experiments  has  not  been  successfully  reduced  to  a  single  cell, 
and  it  seems  wholly  probable  to  the  present  authors  that  even 
the  slow  growth  of  certain  cells  is  at  the  expense  of  the  death 
and  decomposition  of  other  cells  of  the  seeding,  or  by  a  re¬ 
distribution  by  diffusion  of  the  meager  nutrilite  supply  from 
one  living  cell  to  another.  If  so,  it  would  be  fair  to  conclude 
that  no  growth  is  possible  without  nutrilite  supply.  Whether 
or  not  this  be  true,  it  has  been  clearly  shown  that  certain  yeasts 
can  synthesize  substances  which  stimulate  yeast  growth,  among 
them  thiamin.  However,  there  are  surprising  differences  in  the 
synthetic  capacities  as  well  as  in  the  requirements  of  different 
strains  of  yeast.  For  all  of  them,  normally  rapid  growth  is  pos¬ 
sible  only  with  an  external  supply  of  nutrilites.  As  far  as  thi¬ 
amin  is  concerned,  it  is  clear  that  this  substance,  as  present  in 


commercial  yeast,  originates  primarily  not  in  the  synthetic  ac¬ 
tivities  of  the  yeasts,  but  in  those  of  the  higher  plants  whose 
tissues  or  fluids  enter  into  the  medium  for  yeast  growth.  The 
quantity  of  thiamin  present  in  the  final  yeast  depends  on  that 
preformed  in  the  medium.  The  growth  of  yeast  in  many  com¬ 
mercial  media  can  be  promoted  greatly  by  additions  of  thiamin, 
and  the  thiamin  content  of  the  resulting  yeast  rises  propor¬ 
tionately.  The  richest  commercial  yeasts  are  those  obtained  by 
interrupting  the  growth  and  taking  off  the  crop  well  before 
complete  exhaustion  of  the  food  supply  of  the  medium  is  ap¬ 
proached  (14).  Addition  of  thiamin  to  yeast  cultures  also  pow¬ 
erfully  increases  the  rate  of  alcoholic  fermentation  (15).  This 
increase  may  be  regarded  as  evidence  of  increased  vigor  of  its 

metabolic  processes.  .  _  .  . »  ,, 

The  long  existence  of  an  equivocal  situation  regarding ,  the 

role  of  thiamin  in  yeasts,  which  are  the  organisms  which  have 
been  most  extensively  studied,  justifies  caution  in  making  ca  e- 
gorical  statements  regarding  the  role  of  thiamin  in  lower  or¬ 
ganisms  generally.  Practically  speaking,  however,  thiamin  (or 
its  intermediates)  is  required  by  yeast  for  its  normal  Perfor  - 
ance  and  a  general  view  of  lower  organisms  indicates  that  this 
statement  applies  to  all  life.  Indeed  all  organisms  appear  to  use 
thCin  some  synthesizing  it  for  themselves  o  her  deriving 
from  the  activities  of  other  forms  of  life  (12).  In  one  sense  o 
an°o7h«esym“s  is  an  almost  --ersal  phenomenon  in  hvm 
nature.  In  its  strictest  sense,  symbiosis  applies  only  to  t 
more  distinct  organisms  growing  side  by 
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symbiosis  with  plant  forms,  since  they  ultimately  depend  on 
the  latter  for  food  supply.  In  the  case  of  microorganisms  we 
cannot  cultivate  each  individual  in  a  separate  environment. 
They  all  grow  together,  competing  for  the  nutrient  components 
and  sharing  and  exchanging  them.  If  the  weaker  individuals 
die  and  contribute  the  products  of  their  synthetic  activities  to 
the  perpetuation  of  the  survivors,  we  have  a  sort  of  cannibalistic 
symbiosis.  This  seems  to  be  the  actual  situation. 

In  our  further  discussion  of  the  subject  we  will  refer  first 
to  those  organisms  which  have  been  shown  to  contain  thiamin 
and  therefore  presumably  have  a  use  for  it,  and  second  to  those 
organisms  which  have  been  demonstrated  to  need  it  or  benefit 
by  its  presence  in  the  medium. 


•  Organisms  Containing  Thiamin 

Higher  plants.  First  we  must  refer  to  the  long  list  of  sub¬ 
stances  referred  to  in  tables  of  foodstuffs  in  Chapter  XVIII. 
These  and  hundreds  of  other  plant  and  animal  tissues  have  been 
assayed  at  least  qualitatively  for  thiamin.  While  some  contain 
very  small  amounts,  it  cannot  be  said  that  any  of  the  natural 
tissues  used  as  human  food  are  quite  devoid  of  the  substance, 
bince  all  animal  species  which  have  been  studied  require  a 
thiamin  supply  in  their  food  (a  few  cases  of  synthesisbyin- 
testinal  flora  excepted),  we  must  regard  the  plant  world  as  the 
source  of  the  substance.  The  quantities  present  in  tissues  are 

0ne  part  in  two  million  ex- 
pt  in  the  vital  parts  of  seeds.  It  would,  therefore  be  readilv 

growth  of  the  fungus  PhycomvcesM  fwlflt’  Utlhzmg  th® 

thiamin  (16).  The  medium  used  consisted  ViM npresence  °f 
glucose,  0.1  per  cent  asDaravin  n  or1  of  10  Per  cent 

fate,  0.15  per  cent  potassium  '  add  phosn wL  magnesiun\, ™I- 
had  previously  been  proved  incamhlAf  P"  *  V  T  ?  medium 
development  of  this  organism  Tf  f  S,Upp0rtmg  the  normal 
traces  of  pure  thiamin  (0  002  to  JfnnSPpplemented  by  minute 
Vigorous  growth  occurred  on  the  medium  fm  °-'C'  °f  med.ium>’ 

increased  the  evWence1(^the  Si^X*gn.*Ve  Iu^e^ experie'nce'luus 

The  sole  known  substitute  capabletf’produdng  anU^l  growth 
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of  Phycomyces  is  an  equimolecular  mixture  of  the  intermediates 
of  thiamin,  as  we  shall  see  below.  Considerable  faith  can,  there¬ 
fore,  be  placed  in  a  qualitative  sense  in  the  following  tabula¬ 
tion  of  results  taken  from  Schopfer’s  paper  (16).  The  figure  in 
the  right-hand  column  indicates  relative  vigor  of  growth  ob¬ 
served  when  a  fragment  of  the  indicated  variety  of  leaf  was 
sterilized  with  the  medium  before  inoculating  with  the  spores  of 
Phycomyces.  Inasmuch  as  unfavorable  or  toxic  substances  as 
well  as  thiamin  must  have  been  contributed  to  the  medium  by 
the  leaf  tissue,  in  certain  cases,  the  fewer  negative  or  nearly 
negative  results  cannot  be  regarded  as  final  evidence  of  the 
absence  of  thiamin. 

TABLE  XXIV 


Family 

Selaginellaceae 

Equisetaceae 

Polypodiaceae 

Ephedraceae 

Abietaceae 

Betulaceae 

Moraceae 


Ulmaceae 

Piperaceae 

Caryophyllaceae 


Euphorbiaceae 

Buxaceae 

Hamamelidaceae 

Magnoliaceae 

Aristolochiaceae 

Menispermaceae 

Ranunculaceae 

Berberidaceae 

Nymphaeaceae 

Papaveraceae 


Cruciferae 

Violaceae 

Guttiferae 

Crassulaceae 


Saxifragaceae 

Rosaceae 


Species 

selaginella  sp. 

Equisetum  arvense 
Phyllitis  Scolopendrium 
Eystopteris  alpina 
Ephedra  sp. 

Picea  exelsa 
Carpinus  caroliniana 
Alnus  incana 
Ficus  Carica 
Ficus  nerifolia 
Morns  nigra 
Ulmus  scabra 
Piper  nigrum 
Saponaria  officinalis 
Melandrium  album 
Silene  vulgaris 
Euphorbia  Cyparissias 
Euphorbia  sp. 
Pachysandra  terminals 
Liquidambar  styraciflua 
Liriodendron  tulipifera 
Magnolia  amabilis 
Asarum  europaeum 
Aristolochia  tomentosa 
Coccula  laurifolia 
Aconitum  Lycoctonum 
Mahonia  sp. 

Nymphaea  sp. 

Papaver  somniferum 
Papaver  alpinum 
Chelidonium  majus 
Brassica  nigra 
Hesperis  matronalis 
Viola  tricolor 
Hypericum  perforatum 
Hypericum  sp. 
Sempervivum  tectorum 
caulinaire) 

Sedum  rupestre 
Saxifraga  Aizoon 
Alchemilla  vulgaris 
Prunus  laurocerasus 
Spiraea  sp. 

Prunus  cerasifera 
Duchesnea  indica 


Growth 

4 

3 

3 

1 

3 

4 

5 
5 
1 
1 

4 

5 
2 

4 

5 

4 

5 
3 
5 
2 
3 
3 
3 
5 
3 

3 

4 

4 
3 
3 

0.5 

3 
2 

5 
5 

4 

3 
1 
2 
3 
2 
3 
3 
3 


(file. 
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Family 

Rosaceae 


Papilionaceae 


Elaeagnaceae 

Myrtaceae 

Punicaceae 

Oenotheraceae 


Malvaceae 

Linaceae 

Geraniaceae 

Rutaceae 


Balsaminaceae 

Aquifoliaceae 

Vitaceae 

Cornaceae 

Araliaceae 

Umbelliferae 


Primulaceae 

Ericaceae 

Ebenaceae 

Convolvulaceae 

Cuscutaceae 

Boraginaceae 


Solanaceae 


Scrophulariaceae 


Orobanchaceae 

Labiatae 


Plantaginaceae 

Gentianaceae 


Menyanthaceae 

Apocynaceae 

Asclepiadaceae 

Oleaceae 


Species 

Cotoneaster  sp. 
Craetaegus  orientalis 
Geum  urbanum 
Sanguisorba  officinalis 
Potentilla  recta 
Medicago  lupulina 
Medicago  sativa 
Onobrychis  viciifolia 
Lotus  corniculatus 
Trifolium  pratense 
Phaseolus  lunatus 
Elaeagnus  pungens 
Calistemon  sp. 

Punica  Granatum 
Oenothera  sp. 

Fuchsia  sp. 

Trapa  natans 
Abutilon  sp. 

Althaea  sp. 

Linum  flavum 
Geranium  silvaticum 
Ruta  graveolens 
Citrus  aurantium 
Citrus  aurantium  amara 
Impatiens  parvifolia 
Ilex  Aquifolium 
Vitis  vinifera 
Aucuba  japonica 
Hedera  Hqlix 
Daucus  Carota 
Heracleum  Sphondylium 
Foeniculum  officinale 
Primula  vulgaris 
Lysimachia  vulgaris 
Rhododendron  hirsutum 
Andromeda  sp. 

Diospyros  Lotus 
Convolvulus  sepium 
Cuscuta  (2  species) 
Echium  vulgare 
Borago  officinalis 
Onosma  scintillans 
Hyoscyamus  niger 
Datura  Stramonium 
Solanum  tuberosum 
Digitalis  lutea 
Scrophularia  nodosa 
Nicotiana  Tabacum 
Linaria  Cymbalaria 
Orobanche  sp. 

Monarda  sp. 

Stachys  officinalis 
Mentha  verticillata 
Lamium  album 
Prunella  vulgaris 
Plantago  lanceolata 
Gentiana  Cruciata 
Gentiana  punctata 
Erythraea  centaurium 
Menyanthes  trifoliata 
Vmca  minor 
Hoy  a  carnosa 
Syringa  vulgaris 
Fraxinus  Ornus 


Growth 

3 

4 

4 

5 
5 

4 

5 
5 
5 

4 

5 
4 

3 

4 
3 

5 

3 

4 

5 
3 
2 

0.5 

3 
5 

4 

5 
5 
4 

4 

5 
5 

4 
? 

5 

0.5 

1 

5 

5 

4  and  5 
1 

5 
5 
1 

4 

5 
4 
4 

4 

5 

4 
3 
3 
3 
3 
3 

5 
2 
5 

3 

4 

4 

5 
5 
4 
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Family 

Rubiaceae 

Caprifoliaceae 

Valerianaceae 

Dipsacaceae 

Cucurbitaceae 

Campanulaceae 

Compositae 


Hydrocharitaceae 

Liliaceae 


Iridaceae 

Comraelinaceae 

Gramineae 


Orchidaceae 


Species  Growth 

Coffea  arabica  3 

Sambucus  Nigra  5 

Viburnum  sp.  3 

Valeriana  dio'ica  2 

Scabiosa  Columbaria  4 

Knautia  silvatica  5 

Cucurbita  sp.  4 

Campanula  rapunculoides  5 
Centaurea  Scabiosa  4 

Achillea  Millefolium  5 

Artemisia  Absinthium  5 

Cichorium  Inthybus  3 

Taraxacum  officinale  5 

Elodea  canadensis  3-4 

Lilium  croceum  4 

Phormium  tenax  4 

Polygonatum  umbellatum  5 


Yucca  filamentosa 
Asparagus  officinalis 
Iris  pallida 
Tradescantia  sp. 

Coix  lacryma 
Zea  Mays 

Arundinaria  j  aponica 
Stanhopea  tigrina 


Schopfer  did  not  limit  his  studies  to  leaves  but  included 
flower  parts,  petals,  anthers,  and  pollen.  Brown  dead  leaves,  as 
well  as  tissues  lacking  chlorophyll  (Cascuta  Orobanche),  were 
Ilso  tested,  with  positive  results,  and  a  few  tissues  were  evalu¬ 
ated  quantitatively.  In  the  case  of  wheat  germ,  rlce 
milk  and  various  animal  tissues  (18)  a  good  correspondence 
PWomvces  assav  with  the  results  of  animal  tests  was  ob- 
the  Phyc°™yces  ^y  w“  evidence  can  leave  no  reasonable 

S  Itanti  .1  !■»« 

thiamin.  ckss  hag  not  been  studied  much  as  to  thiamin 

anomala,  Aspergillus  ,  bacteria  and  other  micro- 

Microorganisms.  When  v v* ‘TC "but  on  the  whole 
organisms,  the  evident «  is  «  ^  commented  (page  314) 

points  to  a  similar  conclusion.  i  the  cow  which  is 

on  the  contribution  to  the  thia.  1 1  P  y^  pagg  2Q3  we  have 

regularly  made  by  its  mtesti  •  .  ^  sporadically 

referred  to  the  phenomenon  of  refecUon  in  rats  a  p  These 

disturbing  element  in  the  this  point.  In 

phenomena  perhaps  deserve  .  .  attribUted  to  Flavobac - 

the  former  case  the  thla™‘nn?^*SS0ccurs Constantly  in  the 
terium  vitarumen,  an  or.g^nls^  ,  been  cultivated  quite  sue- 

^in^oX  both^cases  ft  capable  of  the  synthesis  of 
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vitamin  B,  including  thiamin  (19).  In  the  instance  of  refection 
in  the  rat  the  synthetic  activity  has  not  been  traced  to  a  specific 
organism  with  certainty.  Its  principal  locus  of  growth  in  the 
rat  is  the  caecum,  and  it  has  been  claimed  that  removal  of  the 
caecum  prevents  refection  (20).  However,  W.  H.  Griffiths  (21) 
states  that  synthesis  may  go  on  in  other  parts  of  the  gut.  The 
occurrence  of  refection  in  rats  is  irregular.  It  has  never  been  ob¬ 
served  in  the  present  authors’  laboratory,  where  many  hundreds 
of  rats  were  housed  for  years.  Once  started  in  a  colony  it  is 
likely  to  spread,  promoted,  of  course,  by  giving  the  rats  access  to 
the  feces  of  refected  animals.  The  use  of  raw  starch  in  the  diet 
promotes  it.  Indeed  it  appears  to  be  associated  rather  definitely 
with  some  degree  of  impairment  of  starch  digestion.  In  refected 
rats  the  caecal  contents  are  acid,  in  normal  rats  alkaline.  A 
recent  study  of  the  subject  is  that  of  E.  Kelly  and  H.  T.  Par¬ 
sons  (22). 

B.  coli  and  a  number  of  acid-fast  bacteria,  B.  smegmatis,  B. 
timothy,  B.  Moelleri,  B.  adhaerens,  B.  subtilis,  B.  mycoides, 
Actinomyces,  and  Azobacterium,  can  also  produce  thiamin,  or 
so  it  seems  from  the  data  available  (23).  Sunderlin  and  Werk- 
man  also  reported  positive  results  with  Torula  rosea  and  Oidium 
lactis.  Monilia  Candida  was  found  to  effect  a  vitamin  B  synthe¬ 
sis  (24),  as  were  B.  vulgatus  and  B.  mesentericus  (25).  B.  lactis 
aerogenes  and  Vibrio  alcoligenes  (26)  are  other  like  cases.  The 
principal  difficulty  with  some  of  these  studies  is  that  no  distinc¬ 
tion  was  made  between  thiamin  and  the  thermostable  B  factors 
by  the  rat  assay  methods  used.  However,  qualitatively,  if  a 
positive  effect  on  rat  growth  is  obtained,  the  presence  of  some 
thiamin  is  indicated. 


Use  of  Thiamin  by  Organisms 

Higher  plants.  It  may  be  reasonably  inferred  from  what  has 
been  said  about  its  occurrence  in  higher  plants  that  thiamin  is 
u  Ihzed  by  them  physiologically.  We  must  first  summar  ze That 

nkn^eeFleatTed  regarding  the  function  of  thiamin  h  hkher 

ftbta.  w)tdp;? “  r  s 

that  yeast  extract  was  beneficial  for  the  growth'of  knkT °.tlvely 
roots  and  tomato  roots.  Kogl  and  Haaaen  SmIr f  ™rn 
growth  of  pea  embryos  as  affected  bv  mitrilit  )  studied  the 

interesting  paper  disclose  that  the  put  tm  of  ’hiotn  Very 
and  oestrone  (female  hormonp^  *11  off  ?  0t  bl0^ln>  thiamin, 
Thiamin  has  more  effect  unnn  tP  affec‘ th?  growth  favorably. 

estimated 
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the  amounts  required  per  excised  embryo  to  produce  maximum 
growth.  The  implication  that  storage  in  the  seed  is  for  the  ex¬ 
press  purpose  of  providing  for  germination  is  unmistakable. 
Vitamin  C  was  found  without  action. 

Bonner  (30)  was  the  first  to  report  similar  effects  on  excised 
roots  of  the  pea,  using  synthetic  thiamin  to  the  extent  of  0.2  7 
per  c.c.  of  medium  and  with  G.  Axtman  extended  the  work  to 
other  nutrilites  (31).  Vitamin  C  was  found  effective  in  increasing 
the  growth  of  root  and  shoot,  as  was  folliculin.  Pantothenic  acid 
was  as  effective  on  stem  growth  as  thiamin,  but  less  so  as  to 
root  growth.  Leaf  development  was  much  less  marked  than  with 
intact  embryos  and  was  unaffected  by  any  of  these  nutrilites. 
Root  studies  have  a  considerable  advantage  over  embryos  for 
such  tests.  With  embryos  there  is  considerable  growth  in  the 
controls,  so  that  the  contrasts  in  the  presence  and  absence  of 
added  nutrilites  are  less  marked.  The  pea  embryo  carries  in  it 
enough  of  the  nutrilites  to  be  quite  significant  (32). 

A  like  finding  with  respect  to  the  action  of  Pu^e  thiamin  on 
tomato  roots  was  almost  simultaneously  reported  by  Robbins 
and  Bartley  (33),  and  further  contributions  have  poured  in  from 
various  sources  during  1937.  The  partial  efficacy  of  the  thiazo  e 
portion  alone  in  promoting  tomato  root  growth  and  the  complete 
adequacy  of  an  equimolecular  mixture  of  the  thiazole  and 
pyrimidine  portions  as  a  substitute  for  thiamin  are  among  the 
interesting  developments  (34).  The  extent  of  the  stimulation 
of  these  roots  by  mere  traces  of  thiamm  or  its  intermediate's 
astounding.  Growth  is  proportional  to  added  thiamm  (o  rmte 
mpdiates')  over  a  wide  range.  (Fig.  19.)  lne  above  papers  oi 
Bonner  and  of  Robbins  have  served  to  emphasize  the  idea  firs 
intimated  bv  Kogl  and  Haagen-Smit  that  thiamin  has  to  do 
peculiarly  with  root  growth  rather  than  with  the  toPs  P  ^ ‘  ^ 

The  view  that  the  roots  depend  on  the  upper  par * i  c .  the  plants 
f  oiinnlv  seems  well  justified  as  a  generalization. 

Perhaps  U  will  be  well  to  mention  at  this  point  the  observa- 

remaps  j  uv  verv  large  amounts  of  the 

tion  that  pigeons  can  .  ,  month  It  seemed  possible 

mixture  of  intermediates  give  y  prmccpates  takes  place  in 
that  synthesis  undergoing 

the  digestive  tract  by  the  inte  ■  (35).  However, 

injection  (36).  .  b,  significance  of  thiamin 

We  may  now  consider  the  prooaoie  s.g  tance  in  the 

in  higher  plants.  The  concen  ra  .  0f  great  interest  to  find 
seed  has  often  been  re™ar^’  f  gariv  root  growth.  At  some 
that  it  has  a  special  “aP°  vnthesize  the  vitamin.  This 

other  stage  higher  plants  must  7^  to  Hlavaty  (37)  the 
probably  takes  place  in  the  tops.  Accora  g 


/Sitt'chST'S  eT‘h  0f  CXCised  tomato  roots  with  increasing  amounts 

P"  40  CC-  °f  medi“m-  Co“rt^ 
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thiamin  content  declines  in  germinating  legume  seeds,  and  synthe¬ 
sis  does  not  begin  till  about  a  month  later,  and  then  only  if  the 
plants  are  in  the  sun.  The  Eb  content  of  cereal  seeds  also  de¬ 
creases  during  germination  (38).  It  is  also  of  interest  to  record 
the  observation  of  Hunt  et  al.  (39),  that  alfalfa,  timothy,  and 
clover  hays  cut  when  quite  young  are  rich  in  thiamin  and  that 
the  content  declines  with  advancing  age.  The  thiamin  content 
seems  to  correspond,  according  to  these  authors,  with  the  leafiness 
and  greenness  of  the  plant.  This  probably  does  not  represent  a 
transport  of  stored  vitamin  from  the  seed  to  the  new-formed  top, 
but  indicates  that  the  process  of  synthesis  has  already  begun. 
The  accumulation  in  the  seed  which  must  occur  later  during  its 
ripening  process  presumably  represents  a  migration  from  other 
tissues  of  the  plant  toward  the  seed,  perhaps  with  a  consequent 
impoverishment  of  the  remainder  of  the  plant.  According  to 
recent  results  of  Bonner  (private  communication)  it  is  already 
clear  that  synthesis  of  thiamin  takes  place  in  leaves  and  only  in 
the  light.  Sugar-cane  juice  from  the  tops  has  been  found  richer 
in  Bj  than  juice  from  the  butts  of  the  stalks  (page  234). 

Does  each  higher  plant  actually  synthesize  its  entire  supply? 
It  has  been  estimated  that  the  thiamin  content  of  grains  grown  on 
soils  manured  with  artificial  ferilizers  is  lower  than  that  grown 
with  barnyard  manure  (40).  Cattle  dung  is  reported  to  contain 
0.1  7  per  gram  of  dry  weight  (41).  The  fact  that  thiamin  is  so 
firmiy  adsorbed  by  clays  makes  it  possible  that  the  soil’s  store 
ot  the  substance  is  conserved  thereby  against  leaching.  This  mav 
well  have  a  bearing  upon  soil  fertility,  either  by  furnishing  a 
supplementary  supply  of  thiamin  to  higher  plants  directly  or  via 
soil  bacteria.  A  very  interesting  development  which  may  have 

rnn*3/  y  prf.ctlc?1  lmP<?rtance  is  the  use  of  thiamin  in  stimulating 
root  formation  in  cuttings  of  plants  (42).  s 

...  Fu.nSL  As  ,w,e  Pass  to  the  molds  and  fungi  the  need  for 

^Sedwith  the  disCeTd;.  Pr°bably  need  is  definitely 
associated  with  the  saprophytic  character  of  these  plants  Ye^t 

Into  thTr1,  y  Clrfd  as  ?  funSus'  though  it  does  not  fit  perfeX 

presently  find  opportunity^ to co L h • "  t0  h°P,ed  that  he  will 
tion  of  them  and  “  interprets 

a  very  large  number  of  naners  oWfl  '•  ^PP^ar  at  present  in 
Zeitschnft  fur  Vitamin] orschung,  Berichte 
^  Ge^n,  Comptes  Re’ndus 
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des  Sciences,  Paris,  and  in  several  other  journals,  largely  during 
the  years  1930  to  1937.  They  bear  on  many  aspects  of  the  subject, 
and  it  will  not  be  possible  to  do  them  full  justice  here. 

The  following  species  have  been  shown  to  be  unable  to  grow 
in  the  absence  of  either  thiamin  or  its  intermediates:  Phycomyces 
Blakesleeanus,  Phycomyces  nitens,  Absidia  ramosa,  Mucor 
Ramannianus,  Pilairia  anomala,  Parasitella  simplex,  Chaetocla- 
dium  Brefeldi,  Dicranophora  julva  (46).  Others,  while  reacting 
appreciably  to  thiamin,  are  more  sensitive  to  some  other  com¬ 
ponent  of  an  extract  of  wheat  germ,  e.g.,  Rhizopus  suinus  and 
R.  Oryzeae.  Of  all  the  organisms  mentioned,  Phycomyces  has 
proved  most  suitable  for  thiamin  testing.  Others  which  were 
studied  included  Absidia  orchidis,  Absidia  glauca,  Absidia  repens, 
Mucor  mucedo,  Sporodinia  grandis,  all  of  which  react  posi¬ 


tively  (47).  .  . 

Microorganisms.  The  older  literature  as  reviewed  by  Feskett 

(3)  cannot  be  trusted  very  much  as  applying  to  the  need  of 
microorganisms  for  thiamin  specifically.  All  experiments  made 
prior  to  about  1930  and  many  since  that  time  have  involved 
extracts  of  natural  substances  which  might  well  contain  other 
significant  substances  besides  thiamin.  We  will,  therefore,  refer 
the  reader  to  Peskett’s  article  rather  than  recount  the  experiments. 

An  exception  will  be  made  in  the  instance  of  Streptothrix 
corallinus,  which  Reader  (48)  found  responded  to  additions  of 
antineuritic  vitamin  concentrates  with  greatly  improved  growth. 
This  work  was  done  in  the  laboratory  of  R.  A.  Peters,  who  de 
voted  years  to  the  chemical  isolation  of  thiamin.  His  prepara¬ 
tions  at  this  stage  were  undoubtedly  approaching  pun  y. 
nuantitative  Streptothrix  test  for  thiamin  was  proposed  (49) 
but  it  was  later  found  liable  to  give  anomalous  results  in  that 
antineuTitic  preparations  rendered  inactive  for  polyneun tic  birds 

ssrs  ““vs?  cs  s 

can  reaetivate  aikalized  torm  ^  alkaline  solution  splits 

destroying  either  p  nnrtinn  As  will  be  seen  below,  a 

likely  to  destroy  the  thiazote  portion.  A  thiamin 

mixture  of  these  two  >"termediates  of  plant 

is,  in  general,  equally  as  auantity  of  the  two  substances  in 

processes  as  w  an  ^uimolecuhir  q'i  t  intermediate  is  re- 

the  combined  form.  In  some  cases  o  y  ig  effectlve. 

ffifi 

ST  “"LStdonof  Uiiamin  occurs  in  the  cooking  of 
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food,  it  probably  does  so  by  reason  of  splitting  the  nuclei  apart. 
Such  a  test  of  the  cooked  food  may  measure  its  activity  for  plants, 
not  for  animals.  The  use  of  other  organisms  such  as  Phytophthora 
may  overcome  this  difficulty  (see  below). 

As  regards  microorganisms  in  general,  it  seems  that  synthesis 
of  thiamin  takes  place  to  such  an  extent  that  their  need  for  the 
substance  is  not  readily  established.  However,  the  general  oc¬ 
currence  of  thiamin  in  them  is  a  cogent  argument  that  they  not 
only  make  thiamin  but  use  it  for  their  own  purposes.  A  specific 
case  in  which  proof  of  need  for  thiamin  has  been  adduced  is  that 
of  propionic  acid  bacteria  (51).  Naturally  greater  weight  can  be 
given  to  such  recent  studies  as  this  because  of  the  use  of  pure 
thiamin  rather  than  crude  extracts. 

Another  specific  instance  in  which  a  microorganism  is  found 
to  require  an  external  supply  of  thiamin  is  found  in  the  work  of 
Knight  (52).  According  to  this  work,  which  involved  pure 
thiamin,  Staphylococcus  aureus  requires  thiamin  (or  its  inter¬ 
mediates)  and  nicotinamide  as  well.  One  surmises  that  the  fact 
that  this  organism  grows  as  a  parasite  in  the  tissues  of  living 
animals  may  be  responsible  for  its  having  requirements  similar  to 
that  of  the  animal.  It  is,  however,  like  many  other  plants  in  that 
the  intermediates  of  thiamin  suffice  for  it  (see  below). 


Thiamin  Intermediates 

Schopfer,  after  testing  the  efficacy  of  various  pure  prepara- 
tions  of  thiamin  from  natural  sources  (53),  soon  undertook  the 
study  of  its  derivatives.  He  found  equal  stimulation  of  Phy- 
comyces  by  a  mixture  of  the  pyrimidine  and  thiazole  products 
of  thiamin  as  by  thiamin  itself,  and  offered  the  suggestion  that 

parts  which  mnstif^r^v!1  ¥  convert“g  into  these  constituent 

pmbV utilized  Sint^^lSe^n6  ST 
wh&the  E  ole°atnSOOn  (34)>  which  disclosed  th a 

‘°  It  Ml  bee^fovmd^that^Mne^othh*^^8^^^^^^’ 
“mXeda  bylretyrfmidVi16  ^ 

are  stimulated  only  when  both  DorHnn°n  al°ne’  but  many  more 
stimulated  by  neither  under  thp  2?  arf  P^esent-  A  few  are 
of  eight  species  of  Torulae  (56)  ^ned-  As  an  example, 
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in  the  original  medium  or  in  the  presence  of  added  thiazole, 
added  pyrimidine,  or  when  both  intermediates  were  added 
(thiamin  itself  was  not  tried);  two  grew  slowly  in  the  medium 
but  were  unaffected  by  any  of  the  supplements;  two  grew  better 
in  the  presence  of  both  intermediates  but  not  in  presence  of  either 
alone;  the  remaining  two  were  stimulated  by  pyrimidine  or  by 
pyrimidine  and  thiazole  but  not  by  thiazole  alone.  By  cultivating 
Phycomyces  in  the  solutions  in  which  Torula  had  grown,  it  was 
shown  that  in  one  case  Torula  had  synthesized  both  thiazole  and 
pyrimidine  from  the  components  of  the  basal  medium.  In  an¬ 
other  case  in  which  Torula  grew  with  the  aid  of  the  pyrimidine 
alone,  synthesis  of  the  thiazole  had  been  effected.  It  is,  therefore, 
evident  that  some  Torulae  can  synthesize  neither,  some  the 
pyrimidine  and  thiazole,  some  the  thiazole  alone.  Some  grow  only 
moderately  either  with  or  without  additions.  Perhaps  the 
medium  is  deficient  for  them  in  another  respect.  Some  definitely 
appear  to  require  something  else  for  growth  than  the  substance 
supplied  by  this  medium,  as  they  do  not  grow  at  all  either  with 
or  without  pyrimidine  and  thiazole  additions.  Perhaps  the  re¬ 
quired  substance  is  thiamin  itself.  C  ertain  Phytophthora  require 
the  vitamin  and  are  unable  to  use  the  intermediates  satis¬ 
factorily  (57).  .  .  .  . a  .  ,  ...  •  . 

These  results  again  emphasize  the  probability  that  thiamin  is 

a  well-nigh  universal  growth  factor.  Its  synthesis  can  be  eftecte 
partially  or  completely  by  various  organisms.  But  it  seems  to  us 
highly  probable  that  the  vitamin  itself  is  the  end  prodi uct  which 
is  utilized  by  plants.  This  is  the  view  of  Robbins  based  chiefly  on 
the  finding  that  equimolecular  proportions  of  the  intermediates 
are  best  for  Phycomyces.  This  is  also  true  for  pea  roots  ). 
This  view  commends  itself  to  us  not  only  for  the  reasons  outlined 
by  Robbins  but  also  because  it  appears  far  more  consonant  with 
the  function  of  thiamin  in  the  animal  kingdom,  where  it  is 
associated  with  carbohydrate  metabolism  as  discussed  in  Chap¬ 
ter  XX\T.  Schopfer’s  thought  (58)  that  it  is  the  split  products 
which  function  in  plants  seems  less  acceptable  because  of  the 
demonstrated  activity  of  thiamin  pyrophosphate  in  the  field  of 
m icroor gTn isms  (see  page  344).  It  would  seem  strange  indeed  to 

nism  inherited  from  early  stages  of  biological  evolutio  . 


Substitutes  for  Thiamin  Intermediates 
variadJns'^7tlfe'niolecuksSof'thiaminnintermediates  which  are 


as  to  the 
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permissible  for  utilization  by  plants  (59).  Nine  pyrimidines  have 
been  studied  as  stimulants  for  pea  root  growth.  They  show  that 
an  amino  group  in  position  6,  as  in  thiamin,  is  essential.  Similar 
study  of  twenty  thiazoles  has  shown  the  necessity  of  an  alcoholic 
side  chain,  which,  however,  may  be  in  any  one  of  a  number  of 
positions  in  the  thiazole  portion.  None  of  the  variants  is  sig¬ 
nificantly  more  active  than  the  thiazole  of  thiamin  for  pea  roots. 
For  Phycomyces  none  of  the  variants  of  the  thiazole  is  equally 
effective  (60,  61).  A  more  detailed  disclosure  of  these  findings  as 
they  bear  on  chemical  structure  is  found  in  Chapters  XV  and 
XVI.  The  pyrimidines  for  Dr.  Bonner’s  studies  were  supplied  by 
Dr.  A.  R.  Todd  and  by  Dr.  J.  K.  Cline;  the  thiazoles  by  Dr.  E.  R. 
Buchman.  The  hope  has  been  that  such  studies  would  reveal 
what  groups  in  the  molecule  are  biologically  functioning  groups. 
In  view,  however,  of  Dr.  Robbins’  finding  that  the  vitamin 
thiazole  is  so  readily  made  de  novo  by  many  organisms,  rigorous 
proof  will  be  necessary  that  a  reconstruction  of  these  substitute 
intermediates  to  the  pattern  of  the  thiamin  thiazole  does  not 
precede  their  utilization  by  plants.  It  may  be,  of  course,  that 
these  substitute  thiazoles  go  to  form  analogues  of  thiamin  and 
that  these  are  able  to  function  in  lieu  of  thiamin  in  enzyme 
systems  (see  Chapters  XIV  and  XVI). 


Thiamin  and  Insects 

A  number  of  the  earlier  studies  of  this  subject  suffer  from 
confusion  of  the  various  B  factors.  Portier  (62)  proposed  the 
idea  that  symbionts  of  insects  may  produce  the  necessary  vita- 

w£wi?aCOt  an1  harden  (63)  believed,  as  a  result  of  experiments 
with  the  eggs  of  Drosophilae,  sterilized  with  alcohol,  that  vita- 
min  B  is  required  by  these  organisms.  Sweetman  and  Palmer 
(64)  found  the  beetle  Tnlobium  to  require  vitamin  B.  Koch  (65) 
cultivated  Anobium  in  sterile  pea  soup,  but  the  larvae  remained 

dda  an4dldif0t  produce  chrysalids  unless  yeast  extracts  were 
added.  The  sheep  maggot  fly,  Lucilia  sericata,  requires  three 

In  h°rfhfr0m/eaSt-eXtracts  for  its  growth.  One  of  these  appears 

crushed  ripe  bananas  in  a™,.  i  cultivated  the  flies  on 
strewn  with  brewers’  veast  as  nn  whlch  was  Periodically 

duced  to  lay  theTeSs  on  stfm  nf  fr  loT'  The  flies  were  in¬ 
to  transfer the egg? to ^  other  l  aper  which  serv^ 

for  thirty-five  minutes  with  alcohol  JFmZSSS  atdlhel 
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washed  with  sterile  water.  The  resulting  sterile  eggs  were  then 
hatched  upon  an  agar  gel  in  which  were  incorporated  casein- 
peptone,  autoclaved  brewers’  yeast,  salt  mixture,  sugar,  and  the 
unsaponifiable  fraction  of  peanut  oil.  Other  portions  of  the  agar 
gel  had  also  incorporated  in  them  various  amounts  of  Jansen’s 
crystalline  thiamin  ranging  from  1/16  7  to  y2  7  per  5  c.c.  of  gel. 
In  the  control  tubes  nearly  all  the  eggs  hatched  into  larvae,  but 
the  latter  all  died  in  about  twelve  days  without  producing  a  single 
chrysalid.  With  1/16  7  thiamin,  about  10  per  cent  of  the  larvae 
produced  chrysalids,  and  of  these  one  fifth  tardily  produced  flies, 
which,  however,  were  quite  sterile.  With  Vs  7,  30  per  cent  of  the 
larvae  formed  chrysalids,  and  nearly  all  of  the  latter  passed  into 
non-fertile  flies.  With  Vi  7,  60  per  cent  of  normal  chrysalids  were 
produced,  which  after  four  days  hatched  fertile  flies.  With 
y2  7,  practically  100  per  cent  of  the  eggs  produced  chrysalids 
and,  in  turn,  fertile  flies.  Thus  thiamin  influenced  several  dif¬ 
ferent  features,  viz.,  the  extent  and  rate  of  hatching  of  larvae 
from  the  eggs,  the  extent  and  rate  of  development  of  flies  from 
larvae,  and,  finally,  the  fertility  of  the  flies.  Other  vitamins  were 
similarly  studied.  The  flies  apparently  do  not  need  vitamins 
A.  D,  or  E.  Riboflavin  and  some  other  ill-defined  yeast  factors 
were  found  to  be  required. 


Summary 

Thiamin  plays  a  conspicuous  role  as  a  factor  for  the  growth  of 
plants  and  microorganisms,  more  so  than  any  other  vitamin. 

An  external  supply  of  it  promotes  the  vital  processes  even  of 
organisms  which  seem  to  possess  some  capacity  for  its  synthesis. 

The  universality  of  the  function  of  thiamin  in  living  cells  is 
inferred  partly  from  its  very  widespread  occurrence  and  partly 
from  evidence  of  the  necessity  of  incorporating  it  in  artificial  cul- 

tUF  The  principal  site  of  synthesis  seems  to  be  in  the  tops  (prob¬ 
ably  the  leaves)  of  higher  plants;  lower  plants  and  the  roots  of 
higher  plants  appear,  in  general,  to  require  an  external  source  of 

SUPThiamin  is  stored  in  seeds  to  provide  for  the  needs  of  the  plant 

dUrAgmlatruyreRo?The'intermediates  of  thiamin  serves  as  a  substi- 
tnte  for  thiamin  for  many  plants.  This  has  permitted  a  study  of 
th ^synthe ttc^c capacities  of  organisms  for  pyrimidine  for  thiazole 
and  for  uniting  the  two  nuclei.  A  wide  variation  has  been  encoun¬ 
tered  in  the  capacities  of  different  organisms. 

Insects  also  require  thiamin. 
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CHAPTER  XXIX 


RECAPITULATION 

In  the  foregoing  pages  we  have  endeavored  to  outline  the 
observations  about  thiamin  which  have  withstood  critical  an¬ 
alysis.  We  have  seen  that  our  first  knowledge  of  it  originated  in 
the  existence  of  an  Oriental  disease,  characterized  by  a  diversity 
of  disturbances  both  physiological  and  anatomical.  For  reasons 
which  we  do  not  yet  fully  understand,  the  lesions  and  clinical 
signs  which  are  most  conspicuous  concern  the  nervous  system,  and 
accordingly  we  speak  without  hesitation  of  beriberi  as  poly¬ 
neuritis. 

Accumulating  evidence,  however,  makes  it  clear  that  we  have 
been  prone  in  the  past  to  attach  too  narrow  a  significance  to  the 
role  of  the  substance  in  physiological  processes  and  to  take  too 
limited  a  view  of  the  prevalence  of  the  deficiency  in  human  diets. 
Ihe  consequences  of  thiamin  deficiency  upon  the  operation  of 
nerve  function  cannot  now  be  regarded  as  due  to  wholly  unique 
needs  of  nervous  tissue.  All  tissues  alike  need  thiamin  for  the 
performance  of  their  normal  functions,  and  the  conspicuous 
character  of  the  nervous  derangements  of  beriberi  must  be  at¬ 
tributed,  at  least  tentatively,  to  the  fact  that  the  tissues  of  the 
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The  nervous  manifestations  of  beriberi  are  therefore  most 
plausibly  to  be  considered  as  merely  the  most  extreme  and  con¬ 
spicuous  evidences  of  a  lack  which  is  equally  felt  in  all  tissues. 

Likewise  the  prevailing  geographical  limitation  of  beriberi 
to  the  Orient  is  due  to  accident  of  food  habits.  It  is  merely  a  con¬ 
spicuous  case  of  a  deficiency  which  in  milder  degree  occurs  in  all 
parts  of  the  globe  and  in  large  numbers  of  people  representing  the 
less  well  fed,  the  physiologically  less  efficiently  organized,  or  the 
victims  of  unusual  strains  upon  physical  resources;  for  example, 
the  burdens  of  hard  labor,  of  motherhood,  or  of  disabilities  due 
to  infectious  disease.  No  one  can  say  categorically  how  largely 
this  is  true  or  what  proportion  of  humanity  is  affected,  but  such 
a  view  of  vitamin  Bi  deficiency  is  basically  sound  in  principle. 

Such  a  view  rests  not  only  upon  evidence  of  subclinical  signs 
of  thiamin  deficiency  in  large  numbers  of  patients,  not  only  upon 
the  extent  and  character  of  the  therapeutic  responses  which  are 
often  evoked  by  administration  of  the  substance,  nor  even  pri- 
marily  upon  the  evidence  that  the  substance  though  very  wide¬ 
spread  in  foodstuffs  is  not  superabundant  in  any  and  is  scanty  in 
most.  It  rests  far  more  upon  the  finding  that  the  substance  ap¬ 
pears  to  play  a  role  in  the  metabolism  of  every  living  cell, 
whether  plant  or  animal,  whether  unicellular  organism  or  one  ol 
the  units  of  those  very  complex  assemblies  of  organized  matter 
which  constitute  the  higher  forms  of  life.  Again  we  cannot  be 
categorical,  for  not  all  cells  have  been  examined  However  an 
extremely  wide  diversity  of  tissues  have  been  studied.  Every¬ 
where  we  find  evidence  either  of  the  presence  of  the  substance, 
apparently  as  a  consequence  of  living  process  or  of  a  need  for 

anPexternayi  source  of  supply  of  it  in  order  that 
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Some  plant  tissues  are  able  to  profit  by  an  external  supply 
of  the  thiazole  portion  of  the  vitamin  alone,  probably  because 
the  tissues  contain  or  can  synthesize  readily  the  pyrimidine  por¬ 
tion  ;  others  exhibit  a  more  conspicuous  benefit  from  an  external 
supply  of  the  pyrimidine  portion.  Some  are  able  to  synthesize 
both  portions.  In  certain  instances  synthesis  appears  to  supply 
both  abundantly  and  most  (but  not  all)  plant  tissues  have  an 
ample  capacity  to  unite  the  two  portions  to  make  the  vitamin. 
However,  in  the  majority  of  organisms  the  synthetic  capacity  is 
limited  at  one  stage  or  another  of  the  series  of  chemical  reac¬ 
tions,  or  in  one  stage  of  the  life  cycle,  or  in  some  part  of  the  or¬ 
ganism  to  such  an  extent  that  an  external  additional  supply  is 
capable  of  promoting  measurably  the  vigor  of  the  life  processes. 
This  is  very  widely  true. 

In  all  animals  and  in  at  least  some  saprophytic  plants  the 
power  for  complete  synthesis  of  the  vitamin  is  almost  entirely 
absent.  We  thus  gain  the  impression  that  the  rate  of  synthesis 
is,  in  general,  marginal  so  that  Nature  has  a  struggle  to  make  and 
maintain  adequate  supplies  of  the  vitamin  to  keep  life  moving 
forward  at  an  optimal  pace.  She  must  resort  to  transport  of  sup¬ 
plies  of  the  substance  from  actively  growing  parts  to  other  less- 
favored  parts.  She  must  resort  to  storage  during  the  growing 
season  for  use  at  the  end  of  a  period  of  dormancy  as  in  the 
germinating  seed.  She  must  utilize  the  residues  left  in  dying 
tissues  of  one  genus  for  the  propagation  at  one  stage  or  another 
of  other  genera.  In  short,  she  carries  on  a  hand-to-mouth 
economy  of  the  substance,  utilizing  the  surplus  of  some  of  Imr 
.cSten  t0  supply  the  necessities  of  others.  Probably  the  in- 
stabihty  of  the  substance  under  the  conditions  prevailing  in 
tissues  contributes  to  the  meagerness  of  the  earth’s  store 
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living  things  will  turn  out  to  be  essentially  alike  in  terms  of 
molecules  of  the  metabolite  which  are  converted  into  energy. 
The  relationship  of  thiamin  to  other  bioagencies  of  carbohydrate 
metabolism,  e.g.,  insulin,  deserves  a  great  deal  of  further  study. 

It  would  be  misleading  to  omit  to  say  that  thiamin  is  prob¬ 
ably  not  the  only  substance  which  plays  a  more  or  less  universal 
and  perhaps  kindred  role  in  living  cells.  Riboflavin  (vitamin  B2) 
and  vitamin  C  both  seem  to  have  some  such  properties. 
Nicotinic  acid  or  its  amide  may  also  be  a  rival  for  distinctive 
honors.  However,  vitamin  Bj  is  outstanding  with  respect  to  the 
apparent  universality  of  its  function  in  living  cells  and  the  degree 
of  dependence  of  the  cells  upon  an  adequate  supply  of  it.  The 
lack  of  no  other  accessory  substance  leads  to  so  early,  so  pro¬ 
found,  and  so  universal  a  disaster,  according  to  our  present 
evidence. 

The  self-respecting  physician  need  therefore  have  no  fear 
that  he  is  being  beguiled  by  the  blandishments  of  a  cure-all,  if 
he  is  tempted  to  extend  his  clinical  experimentation  with  thiamin 
far  afield  beyond  the  disorders  which  are  intimately  and  obvi¬ 
ously  related  to  beriberi.  He  will,  however,  do  wisely  to  exercise 
the  greatest  skepticism  regarding  how  much  should  be  attributed 
to  thiamin  and  how  much  to  other  lesser  known  causes.  The 
confusing  and  contradictory  state  of  the  present  literature  is 
largely  due  to  the  fact  that  the  thing  we  once  supposed  to  be  a 
single  substance,  which  we  called  vitamin  B,  has  turned  out  to 
consist  of  a  dozen  or  so  separate  entities,  each  contributing  to 
some  degree  to  the  total  effect  of  crude  products,  such  as  yeast 
or  liver  extract.  It  would  be  idle  to  suppose  that  we  have  safely 
passed  all  these  pitfalls. 

On  the  other  hand,  it  will  be  most  surprising  if  we  do  not 
within  the  next  decade  find  a  great  province  for  exploration  in 
the  field  of  the  inter-relationships  among  the  vitamins  and  be¬ 
tween  the  vitamins  and  the  hormones.  Many  enzymic  systems 
are  now  known  to  be  linked  in  definite  sequences  of  chemical  re¬ 
actions,  and  further  such  links  are  doubtless  to  be  found.  Prob¬ 
ably  we  shall  learn  the  explanation  of  many  obscure  points  re¬ 
garding  the  character  and  etiology  of  the  constitutional  diseases 
if  we  look  upon  our  present  knowledge  of  thiamin  not  as  a  finished 
voyage  but  as  a  point  of  departure  for  new  discoveries. 

In  the  meantime  thiamin  has  a  definite  and  relatively  well 
proven  field  of  usefulness  in  the  day-to-day  practice  of  medicine. 
From  clinical  studies  also  it  is  becoming  clear  that  vitamin  B, 
is  essential  for  the  life  of  the  cells.  If  not  present  m  suitable 
quantities,  the  cells  suffer  and  disease  follows.  The  authors  and 
others  note  that  vitamin  B,  deficiency  is  common  and  that  it 
be  corrected  by  the  physician  if  therapy  is  directed  alog 
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ment  for  vitamin  Bj,  ( b )  the  administration  of  the  substance  in 
adequate  amounts  to  correct  the  deficiency,  (c)  the  treatment  of 
coexisting  diseases.  In  the  preceding  chapters  the  authors  have 
discussed  the  clinical  indications  for  the  use  of  thiamin  hydro¬ 
chloride  (vitamin  BO  in  a  large  number  of  clinical  entities  as¬ 
sociated  with  undernutrition  and  peripheral  neuritis,  and  have 
also  stressed  the  need  for  the  physician  to  administer  this  sub¬ 
stance  in  order  to  prevent  the  development  of  subclinical  de¬ 
ficiency. 
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Absorption  from  intestine,  4,  18,  27. 

Absorption,  ultraviolet.  See  ultraviolet  absorp¬ 
tion. 

“  Accessory  ”  substances,  3,  126.  See  also  vita¬ 
mins,  category  of. 

Acetaldehyde,  338,  350. 

Acetic  acid,  345-349. 

Acetylation  of  thiamin,  165. 

Achlorhydria,  5,  13,  35,  59. 

Acidity,  effect  on  thiamin.  See  pH. 

Acrodynia  preventing  factor,  134. 

Activation  of  carboxylase,  345. 

Adenylic  acid,  211. 

Administration  of  thiamin,  79-82,  89. 

Adsorbents.  See  charcoal,  fuller's  earth,  and 
zeolite. 

Alcohol  group  of  thiazole,  173. 
oxidation  in  tissues,  350. 

Alcoholic  addicts,  21,  34-40,  85. 
fermentation,  335,  374. 
neuritis,  treatment,  38. 
pellagra,  45. 

polyneuritis,  12,  34-40,  61. 

Alimentary  tract,  8.  See  also  gastro-intestinal. 

Alkali,  action  on  thiamin,  162-165. 
sensitivity  of  thiamin,  158-165. 

American  diets,  107. 

Amino  acetanilide,  165,  166,  217. 
acetophenone,  165-166,  217. 
group  in  thiamin,  174-175. 
pyrimidines,  149-151,  183. 
sulphonic  acid,  146,  147,  152,  154. 

Anaerobic  glycolysis,  342. 

Analogues  of  pyrimidine  intermediate,  180-190. 
of  thiamin,  172-179. 
of  thiazole  intermediate,  191-196. 

Analysis  of  thiamin,  167-168. 

Anastomosis,  intestinal,  27. 

Anemia  in  beriberi,  22. 
in  pregnancy,  42. 
preventing  factor,  134. 

Anemias,  5,  12,  13,  26,  42,  72. 

Anesthesia,  21,  23. 

Aneurin,  4,  134.  See  also  thiamin. 

Animal  tissues,  as  sources  of  vitamin  Bi,  228,  236. 
storage  in,  243-260. 

Anorexia,  5,  8,  22,  57,  69,  86,  95,  102,  261,  289- 
290,  357. 

Anti-  as  prefix  in  vitamin  names.  See  animal 
species  affected  or  pathological  condition 
involved. 

Aphonia,  22. 

Appetite,  loss  of.  See  anorexia, 
restoration  method  of  assay,  198,  206-207. 

Appraisal  of  Oriental  diets,  94-104. 
of  particular  diets,  110. 

Arrhythmia,  80. 

Arthritis,  87. 

Ascites,  21. 

Ascorbic  acid.  See  vitamin  C. 

Assay  for  vitamin  Bi.  See  assay  methods. 


Assay  methods,  87,  197-226.  See  also  various 
animal  species  and  principles,  e.g.,  protec¬ 
tive,  curative,  growth,  etc. 
accuracy  of,  199,  219,  220. 
reproducibility  of,  199,  219,  220. 

Associated  pathological  changes,  6. 

Asthenia,  26. 

Ataxia,  21. 

Atrophy  of  intestines,  69. 

of  muscles,  21. 

Auerbach’s  plexus,  69. 

Auxins,  371. 

Avian  beriberi.  See  polyneuritis  gallinarum. 
Avitaminosis.  See  specific  deficiency  dis¬ 
eases. 

Azo  test.  See  formaldehyde  azo  test. 

Bacterial  synthesis,  314,  378. 

Balance  among  vitamins,  3. 

Beans.  See  legumes. 

Beef.  See  meat. 

Beetles,  need  for  thiamin,  385. 

Benzoylation,  140,  165. 

Beriberi,  16-24.  See  also  special  aspects,  e.g., 
geographical  distribution,  pathology,  treat¬ 
ment,  etc. 

correlation  with  weight.  306-307. 

diseases  related  to,  24-27. 

pathology,  67-73.  See  also  special  aspects. 

prevention,  28,  29,  86.  See  also  prevention. 

sporadic,  26. 

symptoms,  19-23. 

synonyms  for,  16. 

treatment  of,  17,  24,  28,  86. 

"Beriberi  heart,”  21,  61-63. 

Beverages,  vitamin  Bi  in,  240. 

Biochemical  lesion,  locus  of,  338. 

Bios,  4,  373. 

Biotin,  371,  373. 

Bisulfite-binding  substances,  340,  341. 
Black-tongue  factor  (dog),  4,  131-134. 

See  also  nicotinic  acid. 

Blood,  assay  of  vitamin  Bi  in,  87,  220. 
chemistry,  360-361. 
leucocytes,  363. 
sugar,  79,  316-330,  323. 

Blood  pressure,  80. 

Body  fat,  346. 

weight,  maintenance  of,  70,  261,  300-303. 
Borderline  states,  3-4,  64. 

Botanical  species,  thiamin  in,  375-378. 
Bradycardia,  26,  80. 
and  inanition,  211. 
method  of  assay,  198,  199,  210-213. 

Brain  tissue,  pyruvic  acid  in,  338-339 
Bread,  231-233,  238. 

Breast  milk.  See  milk,  human. 

Butter,  vitamin  Bi  in,  229,  237. 

Cachexia,  26. 

Cancer,  50,  61,  85,  250. 
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Capillary  permeability,  79. 

Carbohydrate  metabolism,  80,  331-308. 
clinical  studies  of,  71-72. 
in  all  cells,  332-334. 

Carboxylase.  See  also  cocarboxylase. 

activation  of,  345. 

Cardiac  beriberi,  16. 
dilatation,  16,  63  67. 

enlargement,  16,  19,  20,  21,  23,  59,  62  63, 
285 

failure,  8,  23.  24,  62-63,  64-67,  89. 
failure  and  edema,  65. 

Cardio-respiratory  symptoms,  21,  65. 
Cardiovascular  failure,  mechanism  of,  64-67. 

symptoms.  5,  8,  21,  23,  69,  61-63,  64-67. 
Castle’s  extrinsic  factor,  73,  134. 

Cataract  preventing  factor,  132,  133. 

Catatorulin  action  of  vitamin  Bi,  337-340. 
Cattle,  vitamin  synthesis,  378. 

Celiac  disease,  3,  31,  61. 

Centrifuge  technique,  140-142. 

Cereals,  vitamin  Bi  in,  229,  238. 

Cevitamic  acid.  See  vitamin  C. 

Charcoal  as  an  adsorbent,  139,  140. 
Chase-Sherman  unit,  169,  213-216. 

Cheese,  vitamin  Bi  in,  229,  237. 

Chemical  derangements,  356-  370. 
features  of  thiamin,  145. 
methods  of  assay,  87,  198,  199,  216-220. 

Chick  dermatitis,  132,  134. 

method  of  assay,  197,  202. 

Chick-Roscoe  unit,  202-203. 

Children,  response  to  vitamin  Bi  rich  diets,  291- 
292. 

susceptibility  to  deficiencies,  5,  71. 
"Chloroxy"  vitamin,  165,  175. 

Cholesterol,  365. 

Choline,  physiological  role  of,  134,  274,  283,  284, 


346. 

chemistry  of,  145. 

Cirrhosis  of  liver,  50,  61. 

Citric  acid,  343. 

Claims,  allowable  for  thiamin,  86. 

of  thiamin  content,  90,  91. 

Cleavage  of  thiamin,  146,  147. 

Clinical  response  to  vitamin  Bi  therapy,  90. 
Clinical  studies  with  crystalline  vitamin  Bi,  71 
in  alcoholic  polyneuritis,  38. 
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in  diabetes,  48. 
in  Korsakoff's  syndrome,  39. 
in  polyneuritis  of  pregnancy,  43,  71. 

Clinical  indications  for  thiamin  therapy, 

Cocarboxylase,  172,  173,  338,  343, 

See  also  thiamin  pyrophosphate, 
determination  of,  345. 
in  brain  tissue,  344. 

Coenzyme  function  of  thiamin,  331-351. 

Coenzymes,  336. 

relation  of  vitamins  to,  132. 

Coexistence  of  deficiency  diseases,  24. 

Coexistent  diseases,  treatment  of,  90. 

Colitis,  47.  61,  85. 

Color  reactions  of  thiamin,  165-150. 

Congo  red,  79,  360. 

Conversion  of  units,  91. 

Cooking  processes,  loss  of  thiamin  in,  85,  158. 

160,  227,  230-233. 

Co-ordination,  lack  of,  21. 

gSST  Si—.  .»ow.ble  C.i™  (o, 

thiamin,  86.  _ 

Cowgill  formula,  94-104,  3®°o3^® 

Cowgill’s  values  reappraised,  96-99. 

Cozymase,  336. 


Cramps,  20. 

Craving  for  vitamin  Bi,  289. 

Crystalline  vitamin  Bi.  See  clinical  studies 
with. 

Curative  methods  of  assay.  198,  204  210. 

Cures,  spontaneous,  208. 

Cyanosis,  19,  20,  21,  23. 

Cytochrome,  336. 


Dairy  products,  vitamin  Bi  in,  229,  237. 

Day-dose  principle,  208  209. 

Decarboxylation,  337-338,  342-346. 

and  oxidation,  346-346. 

Decortication  of  grains.  See  grains,  milling  of. 
Deficiency,  degree  of,  correlated  with  symptoms, 
20. 

Deficiency  diseases,  pathology  of,  5. 

Definition  of  “vitamin,"  128. 

Degeneration,  neural,  57-58.  See  also  nervous 
system  lesions, 
of  spinal  cord,  5. 

Degree  of  deficiency  in  relation  to  symptoms, 
20. 


Dehydrogenases,  335-337. 

Depletion  of  vitamin  Bi  in  tissues,  244-248. 
Dermatitis.  See  skin  lesions,  rat  dermatitis, 
chick  dermatitis,  turkey  dermatitis. 
Determination  of  vitamin  Bi.  See  assay  methods. 
Diabetes.  47  48,  72,  85,  328. 

polyneuritis  of,  12,  47-48,  61. 

Diabetic  diets,  48. 

Diabetic  tabes.  See  diabetes,  polyneuritis  of. 
Diagnosis  of  beriberi,  19-23. 

of  vitamin  Bi  deficiency  by  urinary  analysis, 
87,  102.  217-218.  250-253. 

Diamino  pyrimidine  from  thiamin,  153-154. 
Diarrhea,  4.  5,  8,  22. 

Diazo  reagent,  165-166,  198,  217. 

Dietary  habits,  7,  13,  22,  90. 
precautions,  84-85. 

Diet  in  organic  diseases,  85,  90.  See  also  organic 
diseases. 

Diets,  appraisal  of,  110. 
beriberi  preventing,  95. 
beriberi  producing,  22,  27,  95. 
deficient  in  thiamin,  90. 

effective  in  treating  thiamin  deficiency,  88. 

See  also  diets,  therapeutic, 
human  in  relation  to  beriberi,  94-103. 


low  fat,  101. 
low  protein,  101. 

Occidental,  101,  106-119. 
of  American  families,  107. 

Oriental,  appraisal  of,  94-104. 
reducing,  111,  117,  118. 
therapeutic,  88,  90. 

therapeutic,  thiamin  content  of,  111-118. 

ifferentiation  of  the  vitamins,  127-128. 

of  vitamin  B,  130-137.  See  also  frontispiece. 

igestion,  358-360. 

imorphism,  140,  153,  166. 

iphtheria,  14. 

iscovery  of  vitamins.  123-129. 
ismutation,  342,  347-348. 
istribution  of  thiamin  in  foods,  226  J4J 
in  plants,  373-378. 
iuretic  properties,  79. 
o sages  of  supplements,  88. 

of  thiamin,  88,  89. 
oses,  lethal,  81. 
ropey,  epidemic,  26. 
rosophila,  385-386. 

rugs,  action  in  thiamin  deficiency,  301. 
ry  beriberi,  16,  19,  68. 
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Dyspnea,  8,  19,  20,  21,  24,  102. 

Dystrophy.  See  gastro-intestinal  disturbances. 

Edema,  5,  6,  8,  19,  21-22,  89,  63,  67-68,  87. 
and  cardiac  failure,  65. 
mechanism  of,  67-68. 

"Edema  disease,”  25. 

Edemas,  various,  26. 

Egg  white  injury  factor,  134. 

Eggs,  vitamin  Bi  in,  229,  237. 
Electrocardiographic  changes,  18,  66,  80,  102,  211. 
Elution  of  thiamin,  140,  213. 

Embden-Meyerhof  theory,  334-335. 

Endocrines,  60,  73,  360-361. 

Enzyme,  yellow  respiratory,  132. 

Enzymes,  4,  336-336. 

relation  of  vitamins  to,  132. 

Enzymic  disturbances,  358-360. 

Epidemic  dropsy,  26. 

Epigastric  distress,  20. 

Epilepsy,  80. 

Epithelial  tissues,  lesions  of,  5.  See  skin  lesions. 
Esters  of  thiamin,  173. 

Ethers  of  thiamin,  173. 

Etiology  of  beriberi,  18,  29. 

Evaporation  technique,  140-142. 

Excretion  of  vitamin  Bi,  102,  260-263. 

Exercise,  4,  19,  261-263,  340. 

Extrinsic  factor,  Castle’s,  73,  134. 

Factor  I.  See  vitamin  Be. 

Family  incidence  of  beriberi,  22. 

Fatigue,  19,  102. 

Fat-soluble  vitamins,  history,  127. 

Fat  synthesis  and  vitamin  Bi,  273,  274,  346-348. 
Fats,  vitamin  Bi  in,  240. 

vitamin  Bi  sparing  action  of,  101,  108,  266-276. 
Fatty  acid  esters,  influence  on  vitamin  Bi  re¬ 
quirement,  268-271. 

Fatty  acids  and  vitamin  Bi  requirement,  275. 
Fatty  livers  and  vitamin  Bi,  283. 

Feces,  vitamin  Bi  in,  260-263. 

Ferments.  See  enzymes. 

Fever,  4,  19,  25,  85,  90,  264. 

Filtrate  factor,  4,  134. 

Fish,  vitamin  Bi  in,  236. 

Flavobacterium  vitarumen,  378. 

Flour,  white,  24,  109,  231-232,  304-305. 
Fluorescence  test  for  thiamin.  See  thiochrome  test. 
Foods,  classification  by  thiamin  content,  109. 
distribution  of  vitamin  Bi  in,  226-242. 
enrichment  with  thiamin,  104. 
low  in  thiamin,  110. 
miscellaneous,  vitamin  Bi  in,  234,  240. 
rich  in  thiamin,  85,  88,  109. 
tables  of  thiamin  content,  236-240. 
thiamin  content  of  average  servings,  112-115. 
Forced  feeding,  200. 

Formaldehyde,  action  on  thiamin,  165. 

azo  test  for  thiamin,  165,  198,  216. 

Formula  of  thiamin,  empirical,  146. 

of  thiamin,  structural,  144 
Fowl  method  of  assay,  197,  200. 

Fruits,  vitamin  Bi  in,  233. 

Fuller’s  earth  as  an  adsorbent,  139,  140. 

Functional  groups  of  pyrimidine,  181-183. 
of  thiamin  molecule,  172-179. 
of  thiazole,  191-193. 

Fungi,  need  for  thiamin,  381-382. 
thiamin  in,  378,  381-382. 

Gallbladder,  31. 

Gastric  dysfunction,  69. 
secretion  in  pregnancy,  42. 


Gastro-intestinal  disturbances,  4,  13,  15,  21,  31, 
32  69-60,  68-70,  85,  86,  89,  90,  358-360. 
General  role  of  thiamin,  371-390. 

Generalized  function  of  thiamin,  331—334. 
Geographical  distribution  of  beriberi,  17. 
Germination  of  seeds,  348,  380-381. 

Glandular  disturbances,  00,  73.  See  also  endo¬ 
crines. 

Glaucoma  in  epidemic  dropsy,  25. 

Glossitis,  6. 

Glucose,  conversion  to  lactic  acid,  316-317. 
Glutathione,  362. 

Glycerol  and  vitamin  Bi  requirement,  275. 
Glycogen,  liver,  in  relation  to  vitamin  Bi,  275, 

313-330. 

storage,  316-330. 

Glycogenolysis,  316-317. 

Glycolysis,  316-317,  334-335. 

Glycosuria,  328. 

Glyoxalase,  341. 

Grains,  milling  of,  85,  103,  104,  106,  109,  229- 
233.  See  also  milling. 

Gray  hair  preventing  factor,  134. 

Green  vegetables,  233. 

Growth,  4,  22,  70,  86. 

and  vitamin  Bi  intake,  280-284,  290-291. 
methods  of  assay,  197,  202-206. 

Growth  of  microorganisms  for  assay  of  vitamin 
Bi,  198,  220. 

influenced  by  pyrimidines,  180-182. 
and  thiamin,  371-390. 

Heart.  See  also  cardiac, 
automotive,  285. 
block,  211. 
effect  of  Bi  on,  80. 

in  vitamin  Bi  deficiency,  62-63,  64-67. 
pathology  of,  62-63. 
rate,  80,  199,  210-212,  285. 
right-sided  failure,  21,  66. 

“  Heart  disease,”  nutritional.  See  cardiovascu¬ 
lar  symptoms. 

Hematopoiesis,  5,  72. 

Hemoglobin,  6. 

Hemorrhage,  5,  25. 

Herpes  zoster,  14. 

History  of  beriberi,  17,  27-33. 

of  vitamins,  early,  124-129. 

Hofmann  degradation,  155. 

Hormones.  See  endocrines. 

Hunger  edema,  26. 

Hydrogen  in  position  2  of  thiazole,  175. 
Hydropericardium,  21. 

Hydrothorax,  21. 

Hydroxyl  group  of  thiazole,  173. 

Hyperesthesia,  102. 

Hyperglycemia,  324-328. 

Hyperkeratosis.  See  skin  lesions. 
Hyperthyroidism,  4,  19,  85,  86,  90,  262,  360- 
361. 

Hypochlorhydria,  35,  59. 

Idiosyncrasies,  3,  19,  22. 

Inanition,  337,  356-357. 

Incidence  of  beriberi,  17,  263-264. 

Increased  requirement  of  thiamin,  18-19,  22, 
85-86. 

Indications  for  thiamin  therapy,  86. 

Indophenol,  336. 

Infantile  beriberi,  5,  19,  23,  57,  63,  89. 

Infants,  susceptibility  to  deficiency,  5,  13  71 
290-293.  ’  ’ 

Infection,  86. 

Inflammatory  processes,  79. 
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Injection  method  of  assay,  206  210. 

of  thiamin,  89.  See  clinical  studies  with 
crystalline  vitamin  Bi. 

Insects,  need  for  thiamin,  385-386. 

Insomnia,  4,  19. 

Insulin  and  vitamin  Bi,  324  328. 

Intercurrent  disease,  7,  22.  295-296. 

Intermediate  carbohydrate  metabolism,  331-3B5. 
Intermediates  of  thiamin,  action  on  animals, 
176,  180. 

action  on  plants,  180  ,  383-384. 

Internal  secretions.  See  endocrinea. 
International  standard  clay,  unavailability  of 
vitamin  in.  213-216. 

International  unit,  168-169,  203,  213-216. 
Interrelationships  among  vitamins,  3,  328. 

See  balance  among  vitamins. 

Intestinal  dysfunction,  69-70.  See  also  gastro¬ 
intestinal  disturbances, 
motility,  effect  of  thiamin  on,  81,  86. 
Intramuscular  injection,  79-82,  89. 

Intravenous  injection,  39,  79-82,  89. 

Iron  preparations,  6. 

Isolation  of  thiamin,  138-143. 

Jamaica  ginger  extract  poisoning,  11. 

Jansen  and  Donath  isolation,  139. 


Ketoglutaric  acid,  a,  343. 

Korsakoff’s  syndrome,  12,  39,  42,  44,  61. 


Lactation  and  vitamin  Bi,  4,  19,  30,  70,  81,  85, 
286,  287,  293-294. 

Lactic  acid  bacteria,  345. 

Lactic  acid,  effect  on  polyneuritis,  324.  341. 
from  glucose,  316—317,  334—335. 
in  brain  tissue,  338. 
metabolism  in  avitaminosis,  323-324. 

Lactic  dehydrogenase,  340,  342. 

Lactoflavin,  4.  See  riboflavin. 

Leaves,  thiamin  in,  375-378,  380-381. 

Legumes,  vitamin  Bi  in,  229,  237. 

Lesion,  locus  of  biochemical,  338. 

Lethal  doses,  81. 

Lipide  metabolism,  364-365. 

Liver  fat,  346. 

glycogen,  313-330. 
hormone,  363. 
preparations,  6,  36,  46,  92. 

Loss  of  thiamin  in  cooking  processes.  See 
cooking  processes. 

Low-protein  diet,  26. 


Macrocytic  anemia,  30. 

Malaria  in  epidemic  dropsy,  25. 

Malignancy,  60,  61,  85,  250. 

Manure,  thiamin  in,  381. 

Meat  as  source  of  vitamin  Bi,  228,  23t>. 

Mental  disturbances,  6,  8,  12.  21. 

efficiency  and  vitamin  Bi  intake,  291  292. 
Metabolic  rate,  19,  22,  261-264. 

Metabolism,  increased.  22. 

Methods  of  assay  for  vitamin  Bi.  See  assay 

methods.  _ 

Methyl  glyoxal,  340,  341,  868-384. 

injection  of,  364.  „ 

Methyl  group  in  position  2  of  pyrimidine,  176, 

181. 

Methylene  blue,  337.  .  .  ... 

Methylene  bridge  in  thiamin  molecule.  175. 
Microorganisms  and  thiamin,  371-375.  378  379, 

growth  influenced  by  pyrimidines.  180-182. 
growth  of,  as  a  method  of  assay.  See  growth 
'  of  microorganisms  as  a  method  of  assay. 


Milk,  human,  toxic  substance  in,  363. 

vitamin  Bi  content  of,  102,  292-293. 

Milk,  vitamin  Bi  in,  229,  237. 

Milligram  equivalent,  95,  169. 

Milling  of  rice,  229-231. 

of  wheat,  231-232. 

Mineral  metabolism,  361-362. 

Minerals  in  blood,  6. 

Miscellaneous  foods,  vitamin  Bi  in,  234,  240. 
Molasses,  vitamin  Bi  in,  234,  240. 

Mold  growth  test  for  thiamin  in  blood,  87. 
Mortality  from  beriberi,  23. 

Mouse  method  of  assay,  197,  204. 

Mucous  membrane  lesions,  4,  6. 

Multiple  deficiencies,  4,  7,  356-357. 

Muscle  glycolysis,  334-335. 

Mutual  effects  of  vitamins,  3. 

Myocardial  damage,  18. 

Names,  origin  of,  126,  134.  135. 

Nerve  function,  sensitivity  to  deficiency,  391. 
Nervous  disturbance  and  pyruvic  acid,  340-342. 

system  lesions,  5,  9,  20,  21,  67  59,  61-62. 
Nervousness,  8,  19. 

Neuritis,  5,  9,  10,  20,  86. 
alcoholic,  12,  34-40,  86. 
causes  of,  10. 
cruralis,  15. 
mechanism  of,  64. 
optic,  15. 

peripheral.  20,  22,  23.  24,  86.  89.  See  also 
polyneuritis. 

Neuritis  bacteriotoxic,  10,  11. 
chemical,  10,  11,  15. 
toxic,  11. 

Nicotinamide,  371. 

Nicotinic  acid,  45,  131,  133,  134. 

amide,  133. 

Night  blindness,  6. 

Nomenclature,  126,  134,  135.  See  also  names 
origin  of. 

Nonspecificity  of  thiamin,  331-334. 

Numbness,  21,  24. 

Nutrilites,  371-374. 

Nuts,  vitamin  Bi  in.  234,  240. 

Nystagmus,  81,  198,  213. 

Occidental  diets,  101,  106-119. 

Optic  neuritis,  15. 

Optimum  health,  3,  280-299. 

Oral  administration  of  thiamin,  38-39.  79-82, 

88-89.  .  .  .  _ 

Organic  diseases  associated  with  deficiencies,  7, 

22. 

diet  in,  85.  .  , 

Organs,  distribution  of  vitamin  Bi  in,  243  aou. 
Oriental  diets,  appraisal  of,  94-104. 

Oryxanin,  126.  See  thiamin  and  vitamin  Bi. 
Overmilled  grains,  22. 

Oxidase  theory  of  thiamin  action,  339. 

Oxidases,  335-337. 

Oxidation  and  decarboxylation,  344-340. 

of  thiamin,  146,  161. 

Oxidation-reduction  of  thiamin,  161-162. 

"Oxy’’  vitamin,  175. 

Oxygen  consumption,  79. 
uptake,  838-339,  342. 

Pantothenic  acid,  371,  373. 

Paraesthesia,  20. 

Parenteral  effects  of  thiamin,  79-82. 

Parenteral  injection,  indications  for,  89,  wv. 
of  concentrates,  36,  85,  86,  89. 
of  thiamin,  85,  86,  89. 
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Pathology  of  deficiency  diseases,  5. 

Pathology  of  vitamin  Bi  deficiency,  57-64. 
in  animals,  67-60. 
in  human  beings,  60-64. 

Pea  roots,  192,  380,  384,  385. 

Pellagra,  3,  5,  6,  44-45,  61,  85,  131,  133. 

polyneuritis  of,  12,  13,  44-45,  86,  108. 
Pernicious  anemia,  26,  46,  61,  85. 

“Pernicious  beriberi,"  16,  20,  23,  28. 

Peroxidase  reaction,  363. 

pH,  effect  on  destruction  of  thiamin,  159-161, 
164-165. 
of  tissues,  359. 

Pharmacology  of  vitamin  Bi,  79-81. 
Pharmacopoeia  Board  on  methods  of  assay,  210. 
Phenyl  glyoxal,  364. 

Phosphopyridine  nucleotides,  162. 

Phycomyces,  180-182,  191,  192,  382,  384. 

method  of  assay,  87,  198,  220. 

Physiology,  pathological,  64-73. 

Phytophthora,  180,  384. 

Pigeon-curative  method,  208,  209. 
glycogen  storage  of,  318-322. 
methods  of  assay,  197,  200,  201,  206-209. 
Pigmentation  of  skin,  6.  See  skin  lesions. 

Plant  growth  influenced  by  pyrimidines,  180-182. 
Plants  and  thiamin,  375-382. 

Pleural  effusions,  relief  by  tapping,  89. 
Polyneuritis,  34-56. 
alcoholic,  34-40. 
and  cirrhosis  of  liver,  50. 
and  colitis,  47. 
and  malignancy,  50. 
and  tuberculosis,  49. 

of  beriberi,  relation  to  other  neurites,  61. 
of  diabetes,  12,  47-49. 
of  Korsakoff’s  syndrome,  44. 
of  pellagra,  44-45,  86.  See  also  pellagra,  poly¬ 
neuritis. 

of  pernicious  anemia,  46. 
of  porphyrinuria,  49. 
of  pregnancy,  12,  41-44,  61,  70,  86. 
of  senility,  50. 
of  sprue,  45. 

of  undetermined  origin,  86. 
time  of  onset  in  various  species,  312-314. 
Polyneuriixs  gallinarum,  28,  124,  125. 

Polyuria,  26. 

Pork.  See  meat. 

Porphyrinuria,  49,  61. 

Potatoes.  See  vegetables. 

Potency  of  vitamin  Bi  preparations,  90-92. 
Potentiometric  titration,  148,  149,  163. 

Poverty  as  cause  of  defective  diets,  7. 

factor,  4,  131,  133,  134.  See  also  nicotinic 
acid. 

Precipitants  for  thiamin,  138,  139,  166. 
Precipitation  methods  of  assay,  198/ 

Precordial  pain,  21. 

Predisposing  causes  of  deficiency,  7. 

Pregnancy,  4,  12,  19,  22,  41-44,  70,  85.  See  also 
polyneuritis  of  pregnancy. 

Preparations  of  vitamin  Bi,  90-92.  See  also 
vitamin  Bi. 

Prevention  of  beriberi,  28,  29,  86.  See  also 
beriberi. 

of  thiamin  deficiency,  84-86. 

Prodromal  symptoms,  5,  8,  102. 

Prognosis  of  beriberi,  23. 

Prophylaxis  against  vitamin  Bi  deficiency,  84-85. 
Protective  foods,  7. 

methods  of  assay,  197,  200-202. 

Protein  deficiency,  26. 

Psychoses.  See  mental  disturbances. 


Pulse  in  beriberi,  19. 

Purity  of  thiamin,  167,  168. 

Pyrimidine  as  activator  of  carboxylase,  345. 
cleavage  products  of  thiamin,  146,  147,  180, 
181. 

derivatives,  180-190. 

intermediate  of  thiamin,  147,  180,  181. 

nucleus,  144,  147. 

Pyrimidines  associated  with  thiamin,  180-190. 

synthesis  of,  147,  183. 

Pyruvate  oxidase  theory,  343,  350-352. 

Pyruvic  acid  as  cause  of  symptoms,  340-341. 
as  precursor  of  fat,  346-348. 
hydrazone,  341. 
in  brain  tissue,  338-339. 
in  carbohydrate  metabolism,  334-335. 
injection  of,  340-341. 
in  tissues,  341. 

Pyruvic  dehydrogenase,  345-346. 

Quaternary  nature  of  thiamin,  148,  149. 

Quinine  elution,  efficiency  of,  213-216. 

Quinine  in  isolation,  140. 

Rat-curative  method  of  assay,  198,  207-210. 
dermatitis,  131,  132. 
growth  factor,  130-134. 
methods  of  assay,  197,  202-205,  207-213. 
glycogen  storage  of,  323-326. 

Reactions  of  thiamin,  158-167. 

Reducing  diets,  thiamin  content  of,  111,  117,  118. 
Reduction  of  thiamin,  161-162. 

Refection,  203,  378. 

Refined  foods,  3,  22.  See  also  foods. 

Reflexes,  Achilles,  20. 

Reflexes,  patellar,  20,  23. 

Regeneration  of  nerve  damage,  24,  64. 
Reproduction  and  vitamin  Bi,  70,  285-287. 
Requirement  during  lactation,  293-294.  See 
also  lactation  and  vitamin  Bi. 
human,  85,  102-103,  106,  107.  See  also  in¬ 
creased  requirement. 

Requirement  in  relation  to  carbohydrate  intake. 

266-267. 

fat  intake,  266-276. 
metabolic  rate,  261-264. 
protein  intake,  276-277. 
quantity  of  food,  256-265. 
special  circumstances,  280-299. 
species,  309-316. 
weight,  300-308. 

Respiration  rate,  81. 

Respiratory  paralysis,  65. 

Respiratory  quotient,  79,  325,  343,  347. 

Response,  clinical,  90. 

Riboflavin,  131,  132,  133,  134,  145,  328,  350,  371. 

thiamin  and  insulin,  328. 

Rice,  103-104,  112,  124-125,  200-201,  229-231 
238. 

bird  method  of  assay,  139,  197,  201,  202. 

milling,  229-231. 

polish,  139,  229-231,  238. 

polish  as  exclusive  diet,  283. 

polish  extract,  7,  88,  89. 

vitamin  Bi  in,  229-231,  238. 

Rickets,  3,  5. 

Rigidity  of  body  in  beriberi,  23. 

Role  of  thiamin,  371-390. 

Root  growth,  192,  380,  383,  385. 

Roscoe  unit,  169,  202-203. 

Salts  of  thiamin,  166. 

Saturation  with  thiamin,  18. 

Schizophrenia,  87. 
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Scurvy  3,  5,  127. 

Sedatives,  88. 

Seeds,  thiamin  in,  348,  380-381. 

Senility,  neuritis  of,  50,  61,  85. 

Serous  effusions.  See  edema. 

Ship  beriberi,  24,  127. 

Skin  lesions,  5,  6. 

Smith  curative  unit,  169,  213-216. 

Sources  of  vitamin  Bi,  226  242. 

Species  classification,  314. 

requirement  for  vitamin  Bi,  309-316. 
size  and  time  of  onset  of  polyneuritis,  312-314. 
size  and  vitamin  Bi  requirement,  309-315. 
Specificity  of  function  of  thiamin,  331-334. 
Spontaneous  cures,  208. 

Sporadic  eases  of  beriberi,  26. 

Sprue,  3,  6,  13,  46,  61,  85. 

Standards  of  thiamin,  168,  169. 

Staphylococcus  aureus,  181,  191,  343,  383. 
Starch,  corn,  dextrinized,  219. 

diet,  producing  beriberi,  27. 

Stomach  preparations,  6,  92. 

Stomatitis,  5. 

Storage  of  glycogen,  316-330. 
vitamin  Bi,  243  260. 
vitamins,  4,  18. 

Streptothrix,  382. 

Structure  of  riboflavin,  132. 

thiamin,  144-160. 

Subclinical  forms,  3,  7,  64,  84,  87. 

Subcutaneous  injection  39,  79-82. 

Substituted  pyrimidines,  180^190,  384-385. 

thiazoles,  191-196,  384-385. 

Sugar,  vitamin  Bi  in,  234,  240. 

Sulfite  cleavage  of  thiamin,  146^149. 

destruction  of  thiamin,  161. 

Sulfur  in  thiamin  molecule,  140,  144,  146. 
Sunflower  seed,  201. 

Supplements,  dosage  of,  88. 

vitamin  containing,  84,  86,  88. 

Sweat,  253. 

Symbiosis,  374-375,  385. 

Symptoms,  correlation  with  degree  of  deficiency, 

20. 

early.  See  prodromal  symptoms. 

Synonyms  for  beriberi,  16. 
vitamins,  4. 

Synthesis  of  thiamin,  150-155. 
Andersag-Westphal,  153-155. 

Todd-Bergel,  154-155. 

Williams-Cline,  150-153. 
by  bacteria,  378. 
by  plants,  180,  383-384. 
in  leaves,  380-381. 

Tachycardia,  19,  20,  21,  23,  80. 

Technique  for  minute  amounts,  140-142. 
Temperature,  subnormal,  337.  '  • 

Tenderness  of  muscles,  19,  21. 

Tests  for  thiamin,  87,  165-168.  See  aleo  analysis. 


Tetany,  5. 

Therapeutic  utility  of  thiamin,  333-334. 

clinical  studies. 

Thermolabile  factors,  133. 
Thermostable  factors,  131,  133,  302. 
Thermostability,  130-131,  168-161. 


See  also 


Thiamin  and  riboflavin,  328. 

as  activator  of  carboxylase,  345. 
as  nutrilite,  371-390. 
bromide  hydrobromide,  153. 

-calorie  ratio,  96-104,  107,  108,  110,  258-260. 


-calorie  ratio  for  species,  313. 
-carbohydrate  ratio,  100  104. 
catatorulin  action  of,  337-340. 


chbride  hydrochloride,  also  called  thiamin 
chloride,  or  thiamin  hydrochloride,  166. 
deficiency,  degree  of,  20. 
free  base  of,  163-164,  167. 
general  role  of,  371-390. 
intermediates,  bioactivity  of,  383-384. 
isolation,  138-143. 

-non-fat-calorie  ratio,  101-104,  107. 
origin  of  name,  134,  135. 
pyrophosphate,  172-173,  337,  343,  344-346. 
pyrophosphate,  occurrence,  173,  345. 
pyrophosphate,  synthesis,  345. 
quaternary  nature  of,  148,  149. 
synonym  for  vitamin  Bi.  See  special  topics, 
e.g.,  assay,  clinical  studies  with,  formula, 
occurrence,  etc. 

Thiazole  cleavage  products  of  thiamin,  147, 148. 
derivatives,  191-196. 

intermediate  of  thiamin,  147,  148,  150,  191. 
nucleus,  144,  148. 

nucleus,  occurrence  in  nature,  144,  148. 
related  to  thiamin,  191-196. 
synthesis  of,  150,  193,  194. 

Thiochrome,  161,  174,  176. 

method  of  assay,  87,  175,  198,  217-218. 
reaction,  175. 

Thujone  convulsions,  81. 

Thyroxin,  79,  262,  360-361. 

Tikitiki  extract,  7,  88,  89. 

Tissue  oxidases,  335-337. 
respiration,  331-355. 

respiration,  reconciliation  of  theories,  349-352. 
Tissues,  carbohydrate  metabolism  in,  332-334. 
distribution  of  vitamin  Bi  in,  243-260. 
oxidation  in,  337. 

Titration  of  thiamin,  potentiometric,  148,  149, 
163. 

Tolerance  of  thiamin  in  man,  81. 

Tomato  roots,  380,  383. 

Torula,  180,  383-384. 

Toruline,  126.  See  thiamin  and  vitamin  Bi. 
Toxemia  in  pregnancy,  41,  43. 

Toxicity,  cumulative,  82,  286-287. 

of  beriberic  milk,  363. 

Toxicology,  81-82,  286-287. 

Treatment,  clinical,  response  to,  90. 
general  principles  of,  87. 
method  of,  88. 
of  coexistent  diseases,  90. 
of  thiamin  deficiency,  86-90. 
specific,  88,  89. 
symptomatic,  89. 

Tuberculosis,  neuritis  of,  49,  61,  85. 

Tumors,  50,  61,  85. 

Turkey  dermatitis,  132,  133. 

Typhoid  fe.ver,  11. 


Ulceration  of  intestine,  5,  31,  47. 
mouth,  5,  6. 
skin.  See  skin  lesions, 
stomach,  69. 

Ultraviolet  absorption,  146,  149-152. 
of  thiamin,  154.  . 

Unavailability  of  vitamin  in  International 
Standard  Clay,  213-216. 

Units,  vitamin  Bi,  91.  168-169,  213-216.  See 
also  International,  Chase-Sherman,  Roscoe, 
Smith  curative  and  milligram  equivalent, 
conversion  of,  91,  169.  _  . 

Urinary  excretion,  diminished  in  beriberi,  19, 
23,  102.  See  also  excretion  of  vitamin  Bi. 

Urine,  assay  of  vitamin  Bi  in,  87, 
excretion  of  vitamin  Bi  in,  87,  102,  280-288. 

Utilization  of  thiamin,  18. 
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Vagi,  21. 

Vagotonia,  80. 

Vagus  nerve,  65. 

Variation  in  requirement,  90.  See  also  require¬ 
ment. 

Vaso-dilatation,  64-67,  80. 

Vegetables,  vitamin  Bi  in,  233. 

Vegex,  38,  39. 

Venesection,  89. 

Virus  diseases  as  cause  of  neuritis,  9. 

Vitamin(e),  126. 

Vitamin  A,  6,  13,  14,  127,  128,  359. 

Vitamin  B,  3,  134.  See  also  vitamin  B  complex. 
Vitamin  B  complex,  3,  4,  13,  130-136.  See 
frontispiece. 

Vitamin  Bi.  See  special  topics,  e.g.,  assay,  clini¬ 
cal  studies  with,  formula,  occurrence,  etc. 
Also  Thiamin, 
isolation  of,  138-143. 
preparations  of,  90-92. 
requirement.  See  requirement, 
sparing  action  of  fats,  101. 

Bi,  4,  131.  See  riboflavin. 

Bi  complex,  4,  131,  133-134.  See  also  vita¬ 
min  B  complex. 

Bj,  4,  133,  300  301. 

B<,  4,  133,  204,  284. 

Bs,  4,  134,  204. 

Be,  4,  131,  132,  134. 

C,  4,  25,  79,  336,  371. 

D,  4,  128. 

G,  131.  See  riboflavin'. 


-calorie  ratio,  37,  96—104,  258—260.  See  also 
thiamin-calorie  ratio. 

Vitamins  and  microorganisms,  371-375,  378-379, 
382. 

and  plants,  371-382. 
balance  among,  3. 
category  of,  3,  127-128. 
discovery  of,  123-129. 
dissimilarity  of,  128. 

Vomiting,  4,  22. 

W  factor,  133. 

Weakness.  See  Asthenia. 

Weight  and  rapidity  of  onset  of  beriberi,  304-307. 
and  vitamin  Bi  requirement.  See  requirement, 
maintenance  and  vitamin  Bi  intake,  300-304. 
maintenance  method  of  assay,  197,  206. 
restoration  methods  of  assay,  198,  206,  207. 
Wet  beriberi,  16,  20,  68. 

Wheat,  vitamin  Bi  in,  231-233,  238. 

Wheat  germ,  7,  92,  109. 

use  as  therapeutic  substance,  88. 
William8-Waterman  factor.  See  vitamin  Bj. 

Yakriton,  363. 

Yeast,  7,  92,  109,  236-236. 
growth  of,  373-375. 
method  of  assay,  198,  220. 
preparations,  6. 

use  as  therapeutic  substance,  88. 

Zeolite  as  an  adsorbent,  140,  217-218. 
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